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PREFACE TO THE FOURTH EDITION 


•^8 a rule, in most \ocntions and avocations, knowledge and accom- 
plishment advance with each generation CertainU, this is true of 
the science and art of medicine of which dermatologv is a part \s a 
result of iiicreasetl knowledge, togcUicr with impro\c<l undergraduate 
and graduate mc<hcnl instruction, greater facilities and stricter require- 
ments, the modern dermatologist knows more about ctiologv and 
therapy than did his predeces'^ors Hcismorecfiicientjhisnbilitv and 
knowlcvlgc are much more comprehensive ronnerlv he was c'^'^en 
tiallv an cvternist, now he is both an cxtcrnist and an internist He is 
thorougliK acquainted with the external causes of skin diseases, also 
witli the extcnial management of such ^h^eascs, and he knows more 
about tlic constitutional causes of the dermatomes than do phvsicians 
ui anv Ollier field of medicine \s Ilighman once said, it is. tlic der- 
matologist who knows when to he an cxternist and when to be an 
internist 

The foregoing paragraph is a preamble for the statement tint z nvs 
arc now tmplov c<l less frcqucntlv in dcrnntologv , and it is possible that 
the\ will he used still less freepientlj in the future Dermatologists 
whose training has been inadequate arc likelv to u«c ar-n\s indiscrimi- 
nateU On the wliole, however, there is an increasing disposition on 
tlie part of dermatologists to emplov a’-ra^s on)v wlien ncccssirv or 
when (Icfiniteh indicated in other words, witli discnininatmg judg- 
ment Hus trend is most noticeable among the older dermatologists 
and IS the result of accumulated experience, also among well trained 
voung dermatologists who arc capable of guidance 

Thirt) \ ciFS sgo certain ^rataioscs moto treated n ith .swai ^ hecansc 
there was no other cquallv efficacious remedy Since tlien other 
methods of treatment have proved equal to or superior to arrajs in 
these particular diseases For instance, warts of various kinds will 
often respond more fnvorablv to injections of bismuth or arsenic, or 
V accinc, or to some other agent than to ar-r ij s At one time a;-raj s con- 
stituted the therapeutic method of election for the troublesome plantar 
wart Now we know that with amounts that can be safelj admin- 
istered onlv about 70 per cent can be cured in this manner, while it 
is possible to cure a higher percentage v\ith properlv applied elec- 
trosurgerj Roentgen ravs are of value for selected cases of warts and 
keratoses but the) arc b\ no means alwavs the best or the most cer- 
tain method 

For a number of jears, long ago, the senior author did not fail to 
cure a case of lichen planus with roentgen ravs, therefore, thev were 
supposed to be almost a specific, at least the) were considered the 
method of election Now it is known that xra)s frequentl) fail to 
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cure, and in some instances they do not even modify, the course of the 
disease. Todaj'' we know that many cases of acne vulgaris, eczema, 
and many other dermatoses respond better to conventional dermat- 
ologic investigation and therapy than thej'^ do to roentgen therapy 
alone, and, in any event, it lias become the custom, when employing 
x-rays, to use also other established methods instead of depending 
solely upon irradiation. 

Over thirty-five years ago Dr. William Allen Pusey, one of the 
pioneers of cutaneous roentgen therapj^ remarked; “It is hardly too 
much to say that roentgen therapy is the most widely uselul addition 
to the treatment of skin diseases that has been made.” In spite of 
the foregoing paragraphs and the remarkable advance in dermatology 
during the past two decades, .r-rays still constitute the most important 
single therapeutic agent in the armamentarium of the dermatologist. 

It seems advisable to interject here a note of warning. Some der- 
matologists are still placing too much reliance on roentgen therapy 
Such an attitude is inimical to the future of the specialty. The essen- 
tial requisite is an adequate training m every phase of cutaneous 
medicine, of which roentgen therapy is but a part Such a training 
should include a thorough knowledge and use of the basic medical 
sciences, laboratory methods, cutaneous diagnosis and therapy, syphil- 
ology, phj’sical therapy, etc Without a training of this kind the 
dermatologist cannot be resourceful m diagnosis, therapy and research, 
nor can he use x-rays and radium intelligently 

Unfortunatelj’’, x-rays and radium are dangerous agents in unskilled 
hands. Every physician who empIoJ^s these agents should have a 
thorough training in their use, in addition to a general medical training 
If used for the treatment of skin diseases, the physician who gives or 
superNuses the treatment should be a capable dermatologist and der- 
matoradiologist. He should, also, possess modern knowledge and 
adequate equipment 

There is todaj' fairly exact knowledge of the nature, biologic action, 
therapeutic efiPect and technic of x-rays and radium, and the physician 
should acquire this knowledge before attempting to employ these 
agents for the relief of human ailments. In .spite of this knowledge 
many physicians are not sufficiently cautious or conser\'ative. Quan- 
tities of radiation are being administered to benign lesions and erup- 
tions that are bej’ond the recommended dose and beyond the limit of 
safety. Consequently there are entirelj’’ too many cases of chronic 
x-ray and radium dermatitis. 

In this book an attempt has been made to correlate the^ specialized 
knowledge of the dermatologist and radiologist; and to^ include the 
essential elements of physics and biology. The last-mentioned mate^ 
ial is not irrelevant. Too many physicians use x-rays and radium with 
less knowledge of these agents than that possessed by a well-trained 
technician who has an M.S. or an M.A. degree. 
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Considtrable attention lias been duotul to the histone'll aspect 
Ibis IS deemed odiisable bcciusc modern skill could not exist ujtliout 
the efforts of predece''Sors m tlie ‘^ame field of tndeaior Uhe xoung 
roentgenologist of toda\ knows little of the dilhcultits, tcclimcal and 
professional, encountered and oiercomc b\ the older roentgenologists, 
nor docs lie appreciate how much is ouc<l to the roentgenologists of 
the past, niaiii of whom lost their h\es in an tndtaior to ad\ ance the 
science and art of rocntgenologx Ihc*^ men pos'^cssed the pionttr 
spirit tosucetc<l and the spirit of service Ihcir work is an inspiration, 
their names should not be forgotten 1 nrthermorc, a knowledge of 
the more important historical features of roentgenologv tends to pre- 
vent erroneous claims of originahtv, it encourages credit for hterarj 
priority and it tends to develop a becoming degree of Imnnlitj 
In the last cflition there weren iiiiinbtrof coll ibontors who helped 
revise the various chapters, all of whom hive unsclfishlv permitted 
the use of anv of their material we have desired to use ^^c express 
our appreciation, particularU, to Ddith II Qiumbv Sc D , Associate 
Professor of Radiology (Flimsies), College of Piivsicmns and Sur- 
geons, Columbia University, for invaluable aid in preparing the 
chapters on plivsics ^^e acknowledge litlp received some years 
ago from the late Harold Ilouton IL R , when writing the original 
medicolegal chapter ^^ctllmkD^ Arthur Desj irdins, Dr rrinklm 
II Graucr Dr George M Iawis and Dr I red ^Yise, for reasons 
incntioncd above ^^c thank Dr Artliur Mutschcller for invaluable 
help witli tlie chapters on phvsics, biologv and technic Wg are 
indebted to Elizabeth S ^largiihs, B S , Libnrun, New York Post- 
Graduate Medical Scliool, and Litcnrv Secretary to the Department 
of Dcnnatologv, for help with the proof reading and indexing We 
arc indebtctl to Dr Willard C Rappleyt, Dean of the College of 
Phy sicnns and Surgeons and Director of the New Y ork Post-Graduate 
Medical School, Columbia Uiuvcrsitv, and to the Post-Graduate 
Medical Board, for unusual opiwrtumties through a completely self- 
sustained Department of Dermatology 
It IS a pleasure again to thank Messri, Ix.a and rchigcr for their 
unfailing courtesv and cooperation 
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CUTANEOUS ROENTGEN AND RADIUM 
THERAPY 


CH XPTI R I 
IIISTOniCAI 
ROENTGEN RAYS 

Thf a- rn\s ^^cre (h«:co\erc<l in \o\emt>cr ISO") I)\ A\ illmni Connd 
Rocntpcn Profc's'or of Plnsics nt tlic Ro\n1 Lni\tr»U\ of ur7l>urK 
The (lisco\cn was not nn ncci<lcnt lint the rt^iilt of prcMous scientific 
inNCsticitions rclntiNc to the cimous liohiMor of Inph^potcntial clcc- 
tncitN m a rarefied atmosphere 

The inNcstipation possihU Ugan uitli the work of tlic Abbt Nollet 
in the eighteenth centiirv He p'is'5C<l a current of liigli potential 
through a glass bull) at nonnnl air pressure The current jumped 
across the tennmals as a nreain of sparks Tlic air pressure in the 
tube ^^ns then lessened and it was found that as the pressure became 
less, tlie stream of sparks l)roa<Icnc<l out and finallv became a luminous 
band 

In 1850 the subscqucntlv well-known Geisslcr tube was constructed 
^^lth this cnule low-\ncuum tube Gcissler was able to change the 
current from a string of sparks into a delicate glow Ilittorf, about a 
vear later demonstrated that the Gcissler luminous stream could be 
deflected with a magnet Tins was an important finding and it 
undouhtedh had considerable influence on the subsequent work of 
Crookes, Hertz I^nard, and Roentgen 
Passing the important obscr\ations and experunents of Abna 
Faradaj Gassiot bpottisw oode, Fernet Goldstein and others, w e come 
to the work of the English phasicist Sir William Crookes ' Crookes 
de%ased a pear-shaped tube with a flat, metal cathode nt the small end 
and a metal anode at one side The large end of the tube acted ns 
anticathode This tube was exhausted to a mucli lower nr 
than had been previousK obtained Crookes found that the lar H 
of the tube fluoresced a greenish color, that the radiation betw t? 
cathode and anticathode could be intercepted b^ placin 
metal discs in the tube and that the radiation could be defi h 
the magnet as had been previouslj done b\ Hittorf | ^ ' 

abk to focus the luminous stream on the glass w all at the /arg d of 

( 13 ) 
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the tube by employing a concave cathode. In this way he obtained 
a more brilliant fluorescence and it was noted that the area upon 
^^Jlch the stream was focused became hot. As a result of these and 
other experiments, Crookes maintained that the luminous stream of 
Ceissler and Hittorf was composed of minute particles, to this stream 
he gave the name cathode rays. 

The work of Crookes excited a great deal of interest and many 
eminent ph3^sicists began to study the cathode stream. In 1892 Hertz 
placed discs composed of various substances in the path of the cathode 
stream. In this way he determined that the cathode rays would pene- 
trate a very thin piece of aluminum foil. In order to study the cathode 
raj’^s outside the tube, Lenard, who had been working with Hertz, 
sealed a piece of aluminum foil in the large end of a Crookes’ tube. 
He at once determined that the radiation passing through or from the 
aluminum vdndow was able to penetrate substances that were opaque 
to ordinary'- light and after passing through such substances it was 
capable of causing a fluorescence of the platinocj'^anide of barium. 
Furthermore, he noted that this filtered radiation was capable of 
affecting a photographic plate in much the same manner as ordinary 
light. 


Lenard was under the impression that all the phenomena observed 
bj’’ him were due to the cathode rays, but there can be little doubt 
that Lenard, Hertz and other investigators had actually produced 
and observed a:-rays but had failed to recognize or isolate them. This 
great feat was left to Roentgen As a matter of fact, several physicists 
were investigating the mysterious fogging of light-protected photo- 
graphic plates in their laboratories when Roentgen’s discover}’’ was 
announced. Roentgen lived to observe the remarkable evolution 
of roentgenolog}’’ and superficial and deep roentgen therapy He 
died in Munich, IMarch 10, 1923, at the age of seventy-seven years 
In the latter part of 1895 Roentgen was actuating an ordinary 
Crookes’ tube with a concave cathode, which he had enclosed in a 


cardboard box, when he noticed that some crj^stals of platinocyanide 
of barium, Ijung at some distance, fluoresced. He then placed various 
objects betw^een the source of radiation and the barium salt and soon 
ascertained that the mj’^sterious, imdsible radiation would penetrate 
any material in accordance, roughly, ■ndth its density. He determined 
(erroneously) that the radiation could not be refracted, reflected or 
deflected. It was obvious to Roentgen that this r^iation was not 
the same as the cathode rays of Crookes, Hertz and Lenard. After 
ascertaining that the new radiation was developed on the glass wall 
of the tube at the point of contact with the cathode ryp, he endeavored 
to determine the exact nature of the new radiation, failing in w ® 
modestly termed it the x-rays, presumably on account of the si^ih- 
cance of the letter X in mathematical formulie. By suitably 
photographic plates from ordinary light, Roentgen was ^ ® . 

shadowgraphs of various opaque objects, including an imag 
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hand ^\^th t «:ilhoiJctte of the bones This was rcalh the birth of 
roentgenognph\ \t the same time he coated a piece of cardboard 
with an emulsion of banum platmoca anide and u«cd it as a fluorescing 
screen or fluoroscope— the birth of fluoro<«cop\ 

Roentgen communicated his great di^coaera to the world tliroiigh 
the medium of tlie Pinsico-'Medical SocietN of ^^urzburg m Decem- 
ber 1S0"> The communication was at once published in e\er\ cinl 
i7e<l countr% and the news aaas rcccned witli astonishment, interest 
and delight Pln^icists electrical engineers and practical phasicians 
imnie<liatcl\ began to experiment and inacstigate The power of 
electric generators was iiicreaceil induction coils were wonderfullx 
impro\e<l as, also, were •static mailuncs But ^Ir Herbert Jackson 
made what was probabK the greatest single step of the time m the 
wa\ of a practical addition to the nece■«■'^^^ apparatus Making u'?e 
of Crookes disco\er\ tint the catholic stream could be focused and 
intercepted, be focused the cathode ra\«; on a platinum disc placed 
watlun the tul>c, tlnn creating the first real focus tube In an incred 
ibl\ «hort tunc x raa operators were making routine examinations for 
fractures didooations and foreign bodies 

I hiring this practical w ork and scientific in\ cstigation «e\ oral expert 
mentors noticed that after a prolongc<l exposure to x-raxs an erxthema 
of the skin wasproduoc<l and m«omc instances a dermatitis and exon 
deep ulceration occiirrcil Plus was rccogni7o<l ns an ar-rax reaction 
Tills biologic elTcct particularlx attractcxl the interest of Scbiff and 
Freund and it was onlx a month or two after Roentgen’s announce- 
ment that thex suggcstc<l the ti«c of the x-raxs m the treatment of 
di«ea'5e This was the birth of roentgentberapx The first therapeutic 
attempts were made m ncxais hxpcrtnchosis cancer and tuberculosis 
\\itbin a few months the medical press was hterallx sxvamped with 
accounts of the more or Icss successful treatment of xarious di'^eases 
with the x-raxs \t first entlmsuMii ind carclc'^'sness oxcrcame 
caution Manx phxsicnns installtd apparatus and attempted to 
emplox the x-raxs for practical therapeutic purposes xxitbout making 
a studx of the «!ubjcct Fxen the •scientific and conscientious workers 
did not at first realize that thex xxcre dealing xxith an txccedinglx 
dangerous agent It was natural therefore that manx patients 
reccixed «;enous injuries Not onlx xvere patients injured but oper- 
ators bx rcpeatcdlx testing the penetrating power of the raxs bx 
inserting their bands between the tube and a fluorescing screen 
dex eloped an crx thema x\bicli in manx instances led to serious sequelie 
In a book entitled American MartxTs to Science (Charles C Thomas 
1930) Perex Brown Ins xxTitten a glorious and pathetic account of the 
sacrifices made bx manx of the American pioneers in tins field Ihese 
facts together with the dis?ox crx bx Brow n and O-vgood that stenlitx 
was produced hx the x-raxs naturallx caused operators to be a little 
more cautious Hoxxexcr optimism reigned until about 1900 Dur- 
ing those xears the raxs to a large extent, were empiricallj used and 
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they were tried out on nearly- every clu-onic disease. The literature 
was misleading, as it was full of case reports of wonderful cures; the 
occasional paper from the pen of a good man was ignored or over- 
looked by the average .a-ray operator of the period, and, in spite of 
repeated warnings from capable men, the “radiomaniacs” held the 
reins. 

It was soon found that the a:-rays were capable of producing a cure 
in only a certain percentage of cases of the basal-cell type of cutaneous 
epithelioma, that they were exceedingly unreliable in malignant cancer 
and that, in any event, they did not replace surgery. This was a keen 
disappointment. The .^-rays proved practically useless in pulmonary 
tuberculosis. This was another great disappointment. Finally, the 
lay public and even the greater part of the medical profession not only 
lost faith in the therapeutic value of the .r-rays, but considered them 
an exceedingly dangerous agent. The unverified accounts of marvel- 
ous results, the injurious effects observed as time went on, the fact 
that there was no satisfactory method of estimating the amount of 
radiation administered, and the fact that the earlier claims were not 
substantiated, finally resulted in a period of pessimism which lasted 
from about 1906 to about 1912. 

During this period there were a number of scientifically inclined 
roentgenologists who recognized both the advantages and limitations 
of the .r-rays and who also recognized the necessity of standardizing 
the work and of devising accurate methods of measurement. 

Among the first roentgen therapeutists in this country were Pusey, 
Allen, Piffard, Stelwagon, Pancoast, Williams and others In Europe 
the illustrious early therapeutists were Schiff, Freund, B^clere, Brocq, 
Belot, Schonberg, Hall-Edwards, Heinecke, Holzknecht, ICienbock, 
Schmidt, Benoist, Walker, Oudin, Bartlielemy, Walsh, Morris, Sequeira, 
and others. 

For a number of years the greatest interest was associated with the 
development of new exciting apparatus and instruments of precision 
or of measurement. In this country the static machine reached 
perfection. Some even went so far as to build vertical machines 
possessing fifty or more plates. Improvements in the Ruhmkorff 
coil, however, soon caused this apparatus to displace the static machine, 
and the coil was used almost exclusively until the advent of the inter- 
rupterless transformer, which was placed on the market by Snook, of 
Philadelphia, in 1908 This machine, by doing away with the trouble- 
some interrupter, and by providing a reliable and easily controlled 
unidirectional current of great strength, proved to be one of the big 
additions to roentgenology. 

Numerous methods and instruments were devised for the purpose of 
estimating the quality or penetrating power of the z-rays. ^ One of ^ 
first instruments for the purpose was the spintherometer of Bed ere whwn 
was simply a calibrated, adjustable, parallel spark gap. Benoist, in 1901, 
produced his radiochromometer. Then there were many other instru- 
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Kicnhoek’s idea of cinploamp slnps of standardired photographic 
diNcloping pijHr llun SiUmruid iiid \oirc iliviloped tluir ruho- 
inettrwhuh di-|Mmhal iqMin tlu color t!iingi.v produml l)\ the x-ri\s 
ui Inrium phtmotN inuh llu ndiomcUrs of llol/knctht, liordicr 
Hampvoii jiiid Corhett win dl iiuMlifu itions of the '^ihourind- 
Noirt nistruiiunt 

In the carh dn\s x ra\ tidies were a sourte of great trouble ft 
was difiicult to regulate the \acmim and impossible to mamtain it 
when hea\i currents were uscil nnd with henw currents the inoile 
would melt Tungsten targets nnd water-cooled nnd nir-coolcd tubes 
improved vacuum pumps nnd ancuum regulators lessened these 
difiiculties eonsidcrablv In spite of all the marked improvements 
in gas tubes, there was no perfeeth satisfactorv x-rav tube for thera- 
peutic purposes until 1914 when Coolidgc announced liis electron tube 
-"a discovcrv that at once revolutionized roentgentherapv 

In this country the electrical or indirect method of quantitv eslima 
tion was found so satisfactorv that the troublesome photographic and 
pastille methods were discarded Plivsicists have alwavs depended 
Upon ionization measurement Ionization chambers are now being 
used bj practical workers 

In addition to the accomplishments of scientificallv inclined phvsi- 
cians and electrical engineers it must not be forgotten that many 
2 
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physicists, biologists, chemists, and physiologists persistently investi- 
gated the x-rays and radioactive substances from the very moment 
of their discovery. The work of these men paved the way for most 
of the improvements in the technic of recent years and, of course, as 
a result of their tireless endeavors we now possess a fairly reliable 
conception of the nature of the x-rays and of the radioactive substances. 

At last the value and limitations of the .r-raj'^s in the treatment of 
disease have been fairly well established. Improvement m technic, 
definite knowledge regarding possibilities and limitations, and the 
fact that radiodermatitis can be avoided, have restored confidence, 
and this confidence can be permanent if the work can be kept out of 
the hands of overenthusiastic and careless individuals. 



CHAPTl n 11 

HIS ionic U -CovriNUM) 

THE RADIOACTIVE ELEMENTS 

R\diuxi x\as discovered bv Mme Curie m IS^S three vc'irs after 
Roentgen’s famous announcement The result of the rcscarcli 
appeared as a joint paper b\ Prof and Mine Curie and G Reniont 
I ike Roentgen s discoverv, the isolation of radium was preceded b\ 
pertinent investigations, tins tunc bv Recqmrel Mine Curie and 
others 

As wc have seen, there was con<5ulcrablc controversv in 1S9 j rela 
tivc to tlie nature of tlic cathode ravs of Crookes Finallv , in 1S97, 
J J Thompson proved dcfinitelv that the cathoilc stream consisted 
of negativclv chargc<l particles moving with great vclocitv He deter- 
mined that these particles n ere much smaller than the most infinitesimal 
particle of matter at that time know n to scientists namclv , the atom of 
hvdrogcn He concluded that tlicv represented a new state of matter 
and designated them bv the name electron^ It will be rccillcd that 
Thompson I^cnird, Crookes and others had called attention to the 
fluorescence of the pla«s wall of tlic tube under the bombardment of 
the cathodi ravs \ftcr the discoverv of the x ravs it was conceded 
that the cathode stream was their parent, and it was crroncou<5lv 
thouglit that the fluorescence of the glass wall of tlic tube liad some 
influence in tlic production of the roentgen ra>s ^^lth this idea m 
mind several phvsicists studied vanous substances that phosphoresced 
under the influence of light Recqucrel for instance, protected a 
photographic plate from ordmnrv light and evpostd it to the double 
sulphate cf potassium and uranium The plate became fogged after a 
prolonged exposure showing tiit presence of ravs capable of penetrat- 
ing light opaque material It was noticed, too, tliat the same effect 
was obtained even when the potassium-unnium salt had ceased 
to phosphoresce Later, the radiation obtained from pure uranium 
a as shown to possess charactcnstics similar to those of tlie x-rajs 
Later still, it was determined, as a result of the work of Recquerel, 
Curie \illard and others that uranium emitted three tvpesof radia- 
tion, namelv alpha beta and gamma rav s 
Immediately after Derquerels discoverv ^Ime Curie conducted 
a svstematic examination of various substances for evidence of radio 
activity and found that the element thorium demonstrated similar 
properties to those observed in uranium, and to about the same decree 
To quote from Rutherford "An examination was then made of the 

( 19 ) 
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therefore tlie charge \\ns posttue instead of ncgati\e Tlie^ie ra}S 
utrt later slioun to bt similar to the canal ra^s of the x-ra\ tube 
The gamma ^a^s ^^cre found tol>e \cr\ similar to the x-ra\s in that 
the\ ^ere 'cr\ j>enctratiiig, thc\ produced the same ions as the 
x-ra\s and like the latter, the gamma ra^s could not be deflected, 
reflected nor refractwl b\ nn\ means known at the time 
At about this tunc Rutherfonl showed that thorium emitted a 
gn'ieous radioactixe substance which was called an emanation Then 
^Ime Curie dcmoiistratcil that all bodies placed in the immediate 
neighborhood of rndiiuii became temporanlN actl^c This induced 
ictiMtN was tiuscd b\ tlu dti>oMt from the radium emanation, now 
known as radon 

In 1902 Riitlicrford and Sod<l\ demonstrated that a aer% actne 
substance, called thorium \, could be separated from thorium The 
new substance would lose its nctiant\ m tunc while tlie thorium, freed 
from thorium \, would spontancousK produce a new suppK It was 
detemiine<l that tliorium emanation was deri\cd from thorium \ and 
not directh from thorium Knowing that the radioactive propertv 
of an element was atomic and, therefore, that the alteration must 
occur in the atom and not m the molecule Rutherfonl and So<ldv 
advanced their well known dismt<gration thcorv 
Radium thcrapj began with tlie famous “Becqucrel burn ” In 1901 
Becquercl placed a tube of radium in the pocket of his w aistcoat w here 
It remained for several hours A week or two aftenvard a severe 
mflainmation appcare<l m tlie skm underneath the radium Bcsnier 
e\am\netl this dermatitis and expressed the belief that it was due to 
the radium WalkotT avers that lie reported a case of radium der- 
matitis in 1900 and, therefore, claims prioritv Prof Curie then 
made some experiments on his own person and conclusivclv proved 
that the radiation was capable of effecting an lnflammato^^ reaction 
in normal skm Being cognizant of the earl\ results of roentf^en- 
therapv and familiar with the inflammatorv reactions obtained bv 
Becquercl and Curie Besmer suggested tlie use of radium as a thera- 
peutic agent Tor this purpose Bccqiicrel loaned some radium to 
Danlos of the Hopital St L^uis, where it was soon found tliat the 
new agent exerted a beneficial effect on a number of diseases Danlos’ 
work was continued bv Masotti and the results were published b\ the 
latter in book form at a later date 
The pioneers in Turope were Lazarus Mache Szilard Danlos, 
\\ickham and Degrais Bashford Becquerel, Czernv , Freund Bavet 
Scinff and others In tins countrj Abbe, of New 'iork,wasprobab!\ 
the first phjsician to emplov radium for practical purposes 
Radium therap\ developed more slowly than did roentgen ther ipv , 
Iargel> because the substance was expensive and difficult to obtain 
\bout thirtj jears ago this branch of the medical science received 
a great stimulus through the repeated announcements that large 
quantities of radium would cure cancer The propaganda while 
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harmful at the time, really accomplished considerable good, as it 
encouraged several institutions to purchase large amounts of the 
element which were placed under the control of scientific and conscien- 
tious observers In consequence, the true value of radium in the treat- 
ment of cancer has been determined. 
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Till: SIRLCILRC 01 MMTHl \ND lllh \A1LRE OF 

R\Di\iio\ AXD 01 nuciRicin * 

THE STRUCTURE OF MATTER 

Roevtcen iu^s and the ndioactuc elements arc \aluable agents 
not on\% \n t\ic d\agnos\s and treatment of disease but also in iuan\ 
industries The' are aKo \ alinble in stiid\ ing the structure of matter 
It Tias fonnerh bclie\e<I tliat all atoms were mdiiisible and repre- 
sented the smallest particle of an element Non the conception i> 
radicalh dilTcrent 

Atom. — Ml elements, of winch there arc 94, are made up of atoms 
The\ ma\ he likened to minute solir s\stems The simplest is that 
of Indrogen which, m ita standaitl fonn eonMSts of a central nucleus 
with one particle tra\ cling in an orhit around it PracticalR all of 
the mass is concentrated m the niicteiis which has associated with it 
one positive electric charge The sitelhte is an electron which is the 
dement of negative ekctric charge Hie complete atom therefore, 
clectricallv neutral the electrons negative cliargc just balancing the 
positive charge of the nucleus Such an atom is depicted in Pig 1 A 
Electron —An electron is considered as actuallv a particle of elec- 
tricitv with a negative charge when at rest or m not too rapid motion 
it has an effective mass about that of the hvdrogen nucleus 
Proton— 1 he hvdrogen nucleus is the smallest particle of matter 
It therefore occupies position No I in the atomic scale Tlie nucleus, 
without Its electron and with its unit positive charge is cilled a 
proion It is one of the fundamental building blocks of matter 

Neutron — The next atom m order of simphcitv lias a nucleus twice 
as heavv as that of hvdrogen just dcscnbcil but stdl a single net 
positiv c charge and a single orbital electron This nucleus contains 
two protons and one electron There is still one electron in the orbit 
one proton and one electron neutralize each other eicctncallv In 
fact this pair of particles is siippo‘?c<l to exist m verv close combma 
tion and as such is called a neufrort A neutron thus has practicallv 
the weight of a proton but no electric charge It is also one of the 
fundamental particles Tlie atom just described and shown diagram- 
maticalK m Fig 1 I!, is that of deuterium, or ‘heavx Indrogen” 
The characteristic which it has m common with ordmarv hvdrogen 
IS the net single charge on the nucleus and the single orbital electron 
Helium Atom— This has a nucleus consisting of two protons and 
two neutrons it has, therefore, a mass of 4 and a nuclear charge of 2, 
and requires two orbital electrons to make it electrically neutral 

• In the last edition this chapter was revised by Dr Edith 11 Quimby Some of the 
material added by Dr Quimby has been retained m this edition 
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This nucleus, without the satellites, is another of the structural units 
It is called, for reasons which will be apparent later, the alpha particle 
The diagram of this atom is given in Pig, 2. 

It is not necessar}^ to go into detail regarding the building up of 
more atoms. From this point on, no new fundamental particle ap- 
pears. All atoms seem to be composed of protons, neutrons, and alpha 
particles, combined with electrons. 



A. ordinary hidiogen, B, deuterium 



Fio 2 —The atomic Btructure 
of helium 


KADIATION, 

The term radiation has come to include two quite diHerent concepts 
Under various stimuli, external or internal, atoms may break down 
with the ^^olent ejection of electrons, neutrons, or protons. These 
particles may he spoken of as various types of radiation It is also 
possible to set such particles in rapid motion by the action of high 
voltages, resulting in the so-called positive rays and cathode rays. 

The second kind of radiation is that known under the general heading 
of electromagnetic wave‘s. I^Tien, for any reason, and hy any means, 
an electron is accelerated or decelerated, such weaves are generated. 
They spread out in all directions from the source, traveling in a 
hj^pothetical medium called the ether. These electromagnetic radia- 
tions exist in a tremendous range of w’^ave lengths or frequencies,' 
they all travel in a vacuum with the same .speed, that of visible light, 
180,000 miles per second. Some of these rays produce effects which 
make them readily perceived by our .senses without .special apparatus, 
others require the use of delicate instruments for their detection 
Most familiar, and occupying an intermediate position in the electro- 
magnetic series of radiations, are the weaves of visible light. Ordinary 
white light, on being passed through a prism, or passed through or 
reflected from a diffraction grating (a glass or rnetal plate on which 
haA'e been ruled many accurately .spaced fine lines), is^ spread out 
into a spectrum of colors, each having its owm distinctive range^ oi 
wave lengths These wave lengths are mea.sured in Angstrom units, 

1 The frequency is the number of viaves passing a gnen point in a second It is 
therefore, the lelocity dmded by the -waie length 
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1 Wstfwii btini; oi* 0 ^'^ t-m) Longer 

lojige&t Mbiblt rut. irt the heat waxes with lengths up to 300,000 A 
Of still greater length arc the Ilcrt/ian waxes ranging from a fraction 
of an inch to sexcral inilca Some of tliC'C art lued in radio broad 
casting and in heat production in short-xxaxc diathcmu equipment 
On tht other side of the xisible raxs ire the ultraxiokt with waxe 
lengths down to GOO A Bexond tht ultraxiolet comes tht region of 
j-rus and gamma rus xvith waxe lengths doxxn to less than 001 A 
(CoMiiic rus XX ere at one time tlimiglit to be electromagnetic ruhation 
of shorter waxe length than gamma raxs Tliex haxe noxx betn shoxxn 
to l)t hrgelx jf not cntircK particle radiation ) 


PtrcTHOU** M.TIC X\ IXEH IS T»BtL.tK I-ORM 


tladio waxo^ 
Infr» red 
X I ilile hebt 
Ultra wolcl liwUt 
\ raja 
Comma raj « 


0-2 mm to -04- miles 
000" mm to 0 4 mm 
4000 \ to "000 V 
40 V to 4000 \ 

OG I to 500 \ 
0000 A to 021 A 


\ beam of j-raxs t in bt Hparated into \ irioiis components accord- 
ing to w ue length bx passing it tlirough a crxstal \ irioiis methods 
liaxe been dex eloped for studxing tht x nx spectrum I ig 3 i» a 
diagram of tlie wliok series of electromagnetic ra(hation«. 



Photon — Certain aspects of the behaxior of these raxs are difficult 
to describe when thtx are considered as waxes this is pirticularlx 
true of the scattering phenomena which plax an important part in 
the passage of the radiations through matter Undtr certain circum- 
stances a beam of x-ra\s acts much more like a shoxxer of discrete 
particles than like a <;enes of waxes In fact phxsicists state that the 
raxs Imxe both a waxe aspect and a particle aspect depending on the 
method used to obserxe them There is no contradiction in this 
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neither description is complete and both are necessary. As a matter 
of fact, most of the phenomena of radiation rrhidi are observed in 
connection with a study of radiation therapy, are much more readily 
described on the particle, or giianhim idea. From this point of view 
a single .r-ray, instead of being regarded as a chain of waves, is con- 
sidered a particle or projectile of pure energy. In this aspect it is 
called a photon. The energy of tlie photon, or its guanium. corresponds 
to the wave length or frequency of the ray. A'-rays of long wave 
length or low frequency are photons of low energy quanta, those of 
short wave length or high frequency are photons of high energy 
quanta; the two descriptions of a particular ray are interchangeable. 
The terminology of both concepts will accordingly be used m the dis- 
cussion of the behavior of radiation. 

ELECTRICITY. 

Electric Charge.— The fundamental concept of electricity is the elec- 
tric charge. W'e ha^*e already described tlie electron as the elementary 
negative electric charge. The elementary positive charge seems to 
be usually associated with tlie atomic nuclei.^ Two like cliarges, 
positive or negati^•e, repel each other; two unlike charges attract eadi 
other. j\Iatter is, in general, electrically neutral because tlie normal 
atom contains equal amounts of positive and negative charge. 

Many substances can be charged by friction, some negatively, some 
positively, some strongly, otliers only slightly. Among these are glass, 
rubber, amber and wax; in short, all the substances whicli we know 
as insnlaiors. Others, including all metals, refuse to acquire a cliarge 
of this sort, because in some way the charge is led, or conducted, away 
as fast as it is formed. These substances are called conductors. 

Electric Force. — Since an electric charge attracts or repels anotlier 
charged body, it must e.xert a force on it This force may be measured 
mechanically in the same sense as the force of gravitation. Me say, 
tlierefore, that an electric of force surrounds a charged body and we 
may represent it by saying tliat lines of force go out from tlie charge, 
the number of lines being proportional to the strengtli of tlie field, or 
each one representing a unit electric charge. A diagrammatic repre- 
sentation of a chai’ge with its lines of force is shown in Fig. 4 

Quantity of Electricity.— The total charge on a body, negative or 
positive, is spoken of as tlie quantity of electiicity. It can be measured 
by the force it exerts on another charged body. 

Electnc Potential. -Since two like charges repel each otlier, work 
must be done to bring them together. The closer tlie\ are to e 
placed, the more work must be done. The amount of work necessari 
to bring a unit chaige to a point at a given distance from a gnen 
charged body is called the potential at tlie point due to the latoC. 

1 An elementary positive charge, the positron, has been ahonn to exi-t 
bowe% er, significant in our study. 
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U a greater distance from the charge the potential ^\llI be less Ihe 
dtJTerencc in potential between the two points represents the amount of 
work which must be done to bring a unit charge from the lower to 
the higher 


i 
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Electnc Current —If two conductors at dilTercnt iiotcntials arc con 
nectcil 1)\ a third conductor olcctricita will pass from the higher to 
the lower until the charges arc equalized sa\ tlmt a current of 
electricity flows through the connecting conductor, just ns a current 
of water flows through a connecting pi|)t from a tank with a lugher 
level to one of lower, until the levels arc tlie same 

Electric current mav l>c carnc<l ciitirelv bv electrons, ns m the case 
of conducting solids, or bv clmrge<l portions of molecules or atoms, 
as in the case of certain solutions or of liquids and gases under certain 
conditions 

Ionization— 1 Chemical Ionization —When 'iculb bases or silts are 
put into dilute solution in water some molecules of the substance 
break into two parts, one of which is ncgitivelv cliargcd, the other 
positivelv lor e\ainplc m dilute sulfuric acid, IbSO^ some mole- 
cules separate into llj with two positive charges and SO^ with two 
negative Ihe mctils and livdrogcn alvv us carrv the positive charge 
and the remaining part of tlic molecule the negative The amount of 
the charge on cither ion or charged particle does not depend at all 
on the nuclear charge of the atoms but onlv on their v alence ^ 

This process of breaking down in dilute solution is known as dissocia- 
tion or ionization the charged particles are loiw substances which act 
in this manner are electrolytes If now two conductors at different 
potentials— £/cc<rod«— are placed in the solution the negative ions 
will go to the positive electrode, or anode, while the positive ions will 
go to the negative electrode, or cathode This passage of charged 
particles constitutes an electnc current m the liquid Once arrived 

‘ The valence of an atom depends on th® number of electrons in its outermost orbit 
See any text book on modem chemistry 
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ceitLer description is eompleie and both are neces^an*. As a matter 
of facu most of the phenomena of radiation 'vhich are obsen'ed in 
connection rrith a study of radiation therapy, are much more readily 
described on the particle, or qmniurn idea. From this point of rjen* 
a single -r-ray, instead of being regarded as a chain of rraves, is con- 
sidered a particle or projectile of pure energj'. In this j^pect it is 
called a rAioion. The energs* of the photon, or its quaniurn, corresponds 
to the Trave length or frequency of the ray, A-rays of long -v.-are 
length or lose frequency are photons of lorr energj' quanta; those of 
short TTave length or high frequency are photons of high energy- 
quanta: the mo description.- of a particular ray are interchangeable. 
The terminolog:^ of both concepts '.rill accordingly be used in the dis- 
cussion of the behavior of radiation. 


ELECTEIdTY, 


Electric Charge. — The fundamental concept of electricity is the elec- 
tric charge, We have already described the electron as the elemental;}' 
negative elec'tric charge. The elementar.' po-itis'e charge seems to 
be usually associated *.rith tie atomic nuclei,^ Tvo Idle charges, 
positive or negative, repel each other: mo unlilce charges attract each 
other, Zriatter is, in general, electrically neutral because the normal 
atom contains equal amounts of po-itive and negati'-e charge. 

Alany subrtances can be charged by friction, some negati'.'cly, some 
po-=iiively. some strongly, others only Among these are ^ass, 

rubber, amber and ~bx: in short, all the substance;, rchich v'e hnov 
as in^vlaiou. Others, including all metals, refuse to acquire a charge 
of this sort, because in some v-ay the charge F led. or condncteS. array 
as fast as it is formed. These substances a-m called rjjnd'udori. 

Electric Forcg, — Since an electric charge attracts or repdls another 
charged body, it must exert a force on it. This force may be m^sured 
mechanically in the same sense as the force of gravitation- ^10 
therefore, that an elecvric jidd oiioTce surrounds a charged body and we 
may renresent it by sav'ing that lines of force go out from the^harge^ 
the number of lines being proportional to the strength oi the^neld, ox 
each one representing a unit elec'tric charge. A diagrammatic repre- 
-entation of a charge vith it; line; of forc-e is shown in Fig, 

Qusmdrr of Electricity.— The total charge on a 
positfce. b spohen of a- the quantirv' of electricirn It can oeioeasiir 
by the force it exert- on another charged body. 

Electric Potential- — .Since mo lihe charges repel each Oiier,^*'Cr.^ 
must he done to bring them together. The closer^thev^ aje m - 
placed, the more wori: must be done. The amoimt oi wor.^. nece^-a^ 
to bring a unit charge to a point at a given distance ^rom ^ 
charged bodv is called the 'sr/AerAvil at the point due to * s &•*=" 
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E\ettnc Qinent -If two comliictoro nt ililTcrcnt 
ncctcd bv n ibiffl coo.ltictor, cIcctrKm ^ 

the lower until the cimrgei, nre tqunlizefl sot hat a eurre u ; 

clcclncln flows throuRh the connecti.iR 

of water flows throuch a cormectiiiR pii>e from a tank with a higher 
Icie! to one of lower until the leeels arc the "aine 

T lectric current ma\ be cnrrie<l cntirch b\ electrons, ns m tne case 
o/conducting solui., or bv clmrgc<l portions 
as m the case of certain ‘nilution^’ or of liquids and ga 

^truon-1 

put into diUite ^oiutioiKm u vtcr Mime mokcule^a ^tber 

break into tuo parts one of uliich is ncpatiicli cliargeir 
positneli For exampU m <lilutc sulfuric acid, souk^^ 

cules separate into llj uitli two p<iMti\e cliargi-s and bOi with two 
negatiNc The metals and h'drogeii nlw ixs carri the iwsitiie ch u’gt 
and the remaining part of the molccwk the neg \tix l 'Flie amount of 
the charge on cither ion or clnrgc<l particle does not <kpcnd at all 
on the nuclear charge of the atoms but «nl% on their \ ikncc ^ 

This process of breaking down m dilute solution is known as difsocta- 
twn or tonizahon the charged particles are lonj, substances wlijch act 
in this manner are electrolytes If now two conductors at different 
potentials-c/ectrod«-are placed m the solution the ncgatue ions 
will go to the positne electrode, or anode, while the positnc ions will 
go to the ncgatue electrode, or mlhodt This passage of charred 
particles constitutes an electric current in the liquid Once nmfed 
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at the electrodes, the ions give up their charges, either escape into 
the air (if gaseous), settle upon the electrode (if metallic) or enter into 
chemical combination with it. 

2. lladw-lonization. The action on gases and liquids of various 
agents, including heat, uhraviokt light, x-rays, and the radiations from 
radioactive substances, produces an effect which is also called ioniza- 
tion, but which is entirely different from the phenomenon just des- 
cribed in solutions. In the gas or liquid atom or molecule, a single 
electron is detached.^ This may remain alone or may attach itself to 
an intact molecule; with or without an attached particle it constitutes 
the negative ion. The rest of the damaged atom or molecule, being 
left with a net positive charge, is the positive ion. As in the case of the 
solution, positive and negative electrodes introduced into the ionized 
medium vill attract negative and positive ions respectively, and a 
current will pass through the electric circuit. 

Ampere. — The ampere measures the rate of flow of electricity and 
it is that current which, under specified conditions, deposits 0.001118 
gram of silver every second from a silver salt solution. 

The quantity of electricity associated with 0.001118 gram of silver 
ions is called 1 coulomJj, hence 1 ampere of current is the passage of 
1 coulomb per second. 

Electric current is measured by ammeters, or if very small, by milli- 
ammeters or microammeters 

Ohm.— The ohm is the unit of resistance to the fiow of current. 
Different conductors offer different degrees of obstruction to the flow 
of electricity. One ohm is the resistance offered to a constant electric 
current by a column of mercury at 0^ C., 3 4.4521 grams in mass, of a 


uniform cross-section, and of a length of 100,3 cm. 

Potential Difference; Electromotive Force; Voltage —The term differ- 
ence of potential has been explained above. Electromotive force 
(E.M.F.) is a term given to any cause, whatever its nature, which is 
capable of producing a difference of potential. It is, therefore, measured 
in the same units as difference of potential, and is, in fact, frequently 
co^used vdth it. The term electromotive force is an unfortunate one 
since it is hot a force at all, but rather work or energy. The term 
wifaffe is a common, though “loose” expression, being used for potential 

difference, or E.M.E., or both. W/ 

The practical unit of potential difference or of E.M.F. is the volt 
It is the electromotive force needed to drive a cment of one 
through a re:,istance of one ohm. Potential difference is 
by means of a voltmeter. ITie length of a properly deigned spark 
gap maj^ also be used, under suitable conditions, me 
differences of potential. . . imnlp 

circuit are definitely related. The formula etpreising this relation 

1 The prefers -.ill be clistussefj w fbe cpnshieration of the presage ef radiation Ihroogb 


matter. 
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knoun ns Ohm’s nnd states thit the intensitN of the electric 
current nlong n conductor equals the cle<.tromoti\c force dnidcd h\ 
the resistance and max lie expressed as 

\oit< r 

«rnporr,-.^,^^,orl- 

VccordingK , uhen anx txxo of these factors are knoxxn, the third 
max immedntclx l>c dcternune<l 

Power —ricctncal poxxtr, like meclmnieal power, is tlic tunc rate 
of doing xxork that is, the total xxork done, or enorgx usid, dixided 
l)x the time m xxhich it is done Since potential difference is of the 
nature of xxork per unit charge and current of elcctncitx is the number 
of unit clmrgta jicr second, it folloxxs that the product of potential 
(lifTcrcncc and current is xxork per second, or poxxcr In the practical 
sxstem of units, 1 unit of poxxcr, xxhich is 1 ampcri of current tunes 
1 xolt of clcctromotixc force is 1 tro// 'J his max he i\prc‘»*cd as 

“ xoU« X ftmKiT* 
or 

- I X 1 

Him toGUxrit\ 
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19^^ 
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Miller Carl N\ Iniroduclion lo PIijmcM Vitnro Sew 1 ork John 1\ ilej A Sons 
l93o 

nASETri Irakco 1 lementA of Sricle'ir rh>eic-9 Sew Xork rrentice-Hall 1039 
RoBERT*o*t J K Ilndioloto PhjAic Sew k ork D X an Sostmnd Companj 1911 
ncTnEnroRD kRNr«T Chadwick Jame* and I lli* C D Radiations From Radio- 
actoe Sul Hinnees SewXork The Macmillan Coinp'»n> 1910 
Starliso sc I lectncu> and Maimctwm r>tl> ed Sew \otk I onjimana Green A 
Co lOl- 

XXebster D I RocntRCn Rn> Phjaics m Glaa er O ed Science of Radiologj 
Sprincfield III Charles C Thomas 1933 



CHAPTER IV. 


FUNDAMENTAL ELECTRICAL CONSIDERATIONS IN 
RELATION TO Z-RAY APPARATUS.^' 

The nature of electricity has been discussed in Chapter III, and 
brief mention made of electric currents, A^ray equipment consists 
entirely of apparatus for controlling electric currents, A brief descrip- 
tion of the i^arious instruments and devices which are combined to 
make the complete modern .^-ra3^ apparatus will greatlj'- facilitate an 
understanding of its operation. 



Fig 5 — Current-tjme curve of a sjnaple alternatjng current circuit The diagram 
represents one cycle (0-10), or 2 alternations (0-5 and 5-10) in opposite directions 


Electric Current; Direct Current; Alternating Current. Electric current 
has been described as the passage of electricity along a conductor 
joining two other conductors which are at diffeient potentials. If 
these terminals are maintained at the same different potentials, the 
flow of current will be continuous and uniform. Yflien the current 

* In the last edition, this chapter was revised by Edrtb H Quimby Some of the 
material added by Dr Quimby has been retained m this edition 

( 30 ^) 
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flo^^ i> m tlic ‘^^inc direction it is ^^poken of ns direct current 

(D C ) If, h\ 'in\ the txvo tenmmls nrc irndc to altcrmtt in 

their clnrge so tint nt one tin^e the flo^^ is m one direction nnd nt 
mothtr in the other, the ro\crsal bciiijr repented nt regiihr inter\nls 
v,t h'l^caltcmntiug current ( \ C ) ^lost genentors in use nt present 
suppiN \C Ihe current, stirting nt zero nt n gi\cn instnnt, n«cs 
to n nnxiinum ^ nluc f dh to 7ero ri«es to n nn\iinuin of the opposite 
sign, nnd falls to 7cro apim Ihc eon plete nltcrintion, from nn\ one 
point to the corrf'poiuhng point igmn, is cillctl i cycle The usual 
alternating current has 00 cades or 120 alternations per second 
Fig 0 shoa's the standard cur\e used to represent ilternatinp current 

Mternatmg current la supphwl from the ecntml power stations nt 
fixed \oltnpes nccording to the purpose for which it is to he used 
Most modern a--n\ equipment is designed to operate on 220-\Dlt, 
60-c\cle \ C 3\hcn onl\ direct current is naailable, it is ciistomara 
for the mnnufneturer to install a suitnhie rolnr\ conaerter which 
changes the current from direct to altcmnting Ob\ioiisI\, before 
planning the installation of nn a: ra\ machine, one should iiiaestigate 
the source of power suppK One should al«o make sure that the 
supplv wires nrc heaw enough to fumisli nil the current that mn\ be 
required 

Condensfif — The condenser is a dcMcc for tcmpornriK storing 
electric energ^ Consider two conducting plates separated b\ nn 
insulating la\cr such a^ mica One phtc is connected to a source of 
potential and the other to ground If a ntgatne charge ij, placed on 
the first plate it will repel electrons (n<gati\e clnrgcs) from the second 
plate 'lhe<!e will pass to ground tlirough the connecting wire, and 
iea\ e an induced poMtn c charge on the second plate The greater the 
charge on the first phtc the greater the induced cliarge on tlie second 
These two charges of course, attract each other, if thc\ become strong 
enough the\ nia\ pierce the insulating h\cf If the two plates of n 
charged condemer be connected together l>\ a wire the charges will 
neutralize each other in a bright thick 5parf If, howe\er the plates 
are not short-circuited,’ but tlic current is led aw a^ into an electric 
circuit containing other instruments it can be u«ed to supplement 
current obtained in other wa\s 

Electnc and Magnetic Lines and Fields of Force —An electric charge 
is surrounded h\ a field of forre which max be represented b\ lines 
of force going out from the charge in all directions Simihrli a magnet 
IS surrounded b^ a field of force the magnetic lines of force originating 
at the two poles An electnc current consists of charges m motion m 
a conductor and such a conductor has been found to be surrounded 
b\ a magnetic field It appears that there are \tr\ clo'^e relations 
between elpctricit\ and magnetism md man\ electrical instruments 
depend on the interaction of the two 

Electromagnet — \ magnet has two poles called north and south 
As m electricity, like poles repel and unlike poles attract each other 
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There are two types of magnets, permanent and electromagnets. 
When a current is passed through a coil of wire, a magnetic field is 
set up. If a bar of soft iron is placed inside the coil, the magnetic 
field is increased. With D C. the magnet is steady; with AC. the 
position of the poles reverses just as often as the current alternates. 



Fig G — Lines of force m an electromagnetic field The soft iron bar is magnetized 
by the passage of electricity through a coil of wire 



Fig 7 — Schematic drawing of galvanometer 

Galvanometer — A light magnet suspended in a strong electric field 
or a light coil carrying current in a magnetic field, ^ will move until it 
finds a stable position, where the field of the coil and that of the 
magnet just counteract each other. This property is made use of 
m various current and voltage measuring instruments A light coil 
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of ^\lrc Is «!U«pcn(Icd In'twotn tiu pnk^ of n j>orinn!unt mapnct 
dioun m I ip 7 If nn electric ciirnnt passes tliroiipli tins coil tlie 
interaction i>ctueen its field nnd thnt of the inapnct will cause it to 
turn on its fine su'^ponsioii until it nttaiiis a position of eqiulihriuin 
The greater the current the more the <oil will turn \ l)cnm of 
light reflccteil from a “indl mirmr mmiiited nn tlu suspension, hack 
to a scale, forms a udghtlevs jwinter to influatc tin angk of turn 
In a sturdier t\ pe of instrument tlu coil m i\ aLtualU carr\ a pointer 
which mo\cs o\(ra s(^l( 

AMMETER 



Fia 8 — Duntrum *lio»uic of ronn<H imc nmmcicrs r»n 1 %oltmoterB iii cl(* iric 

circuits 

Ammeter, Voltmeter (i lUanoiiutcrs art clissjficd m two t\pcs 
according to whether tlu' Imc ^(r^ low or \er\ high resist nice 
^^hcn tilt resistance Is \ir\ low tlu instrument nn\ he put anvwhcro 
in a circuit and its ri iding will he proi>ortional to tlit current which 
passes through it \n instnmunt of thib t\pc is called nn nmmefer 
(for \tr\ small currents a milliammettr or microammcter) Its scale 
IS calibrated to read dirtctK in amjures If tlie gih innmcter lias 
'er\ higli resist inci it permits the pissagt of onl\ \ small current 
Such an instrument is connected between two points in the circuit 
which !n\c nn n!ttrnati\e connection of lower resistance through 
which most of the current will pass With i flefimtc resistance the 
small current w lucli doc s pass through the g \\\ anon eter is proportional 
to tlu potenti d difVerciKe between its terminals Sucli an instrument 
can he c ilihnted to re id directh m terms of the potential difference 
in \olts uul IS t died i lollmctcr An ammeter is connected directh 
into the circuit whose current is to be measured A \o!tmetcr is con- 
nected as a suhsidiar\ circuit or shunt between two points m the 
circuit whose potential difTcrence IS to Ik* determined (I ig 8) 

Electromagnetic Induction — When a wire is mo\ed m a magnetic 
field, a current is set up or induced in the wire The strength of this 
current depends on the number of lines of force passed through, or 
cut, by the wire per second Tims it might mo\e more slowh through 
3 
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a strong field or more rapidly through a weak one and produce the 
same result _ As the wire moves in one direction across the lines, the 
current flow is in one direction, when the motion of the wire is reversed, 
the direction of the current is also reversed. Current is produced 
in the same way if the wire remains stationary and the magnet moves 
This phenomenon is called eleclromagneiic induction. 

It IS not even necessary to have an actual magnet It was stated 
above that a magnetic field surrounds a coil carrying a current. As 
a matter of fact, the coil itself acts as a magnet. If the current 
flowing in it is D.C., the coil (called a solenoid) exhibits definite 
north and south poles If A C is used, the poles also alternate 
Another coil moved across the lines of force of the first one has a current 
induced in it. 

It is not even necessary to have either coil move, it is only essential 
that the lines of force move relative to the wire When there is no 
current in a coil, it has no field of force. The instant the current 
starts, lines of force emerge from it in all directions. They therefore 
move relatiA^e to anj’’ other coil which happens to be in the neighbor- 
hood, and induce in it an instantaneous current. This ceases to flow 
as soon as the current in the first coil has reached a steady state, for 
there is then no relative motion of lines of force and wires When the 
current in the first coil stops and the field collapses, there is another 
momentary current in the second, in the opposite direction to that 
which resulted from the building up of the field If D.C. is started 
and stopped often in the first coil, an A C. is set up in the second. 


THE HIGH VOLTAGE SUPPLY. 

Induction Coil. —An induction coil is an apparatus for generating an 
induced current in the manner just described It consists of two coils 
of wire, the 'primaiy, in which the original current is started and 
stopped, and the secondary, in which the induced current is developed. 
In general, the primary consists of a relatii'ely small number of turns 
of heavy wire, wound on an iron core, as shown in Fig 9 The secon- 
dary consists of many turns of much finer wire, wound outside the 
primary, every turn, of course, being insulated from all the others. 
The voltage generated in the secondary bears approximately the same 
relation to that in the primary as the number of turns in the two coils 
Therefore, an induction coil can be used to obtain high voltage when a 
low voltage supply is available While the voltages in the two coils are 
directly in the ratio of the numbers of turns, the ratio of the currents 
is the inverse of this Thus, the product of the current and voltage m 
the primary is equal to the product of the current and voltage in the 
secondary The energy (watts) supplied to the piimary is the same as 
that which comes out of the secondary There is no power loss il 
coils are usually wound over a metal core to concentrate the hei 
and make the efficiency of transfer as great as possible. 
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Since current is generated in the sccontlnrs onl} ^hen it is st'irted 
or stopped m t!ic pnnnr\, some me'ins is ncccss‘ir\ for starting and 
stopping ov tnicrniphug the pnmnr\ current rcguhr]\ and frcqiientK 
Interrupters — Mam schemes ha\e been de^elopc<l for this piirpo'-t 
file one shomi in Tig 0 is the simpfest Ihe Iranimcr is con- 
structed of soft iron mounted on a spring When no current is flow ing 
m the primar\, tlie rest position of the Ininmer is siicli tliat the t«o 
points arc m contact hen current starts to flow in the pnmar\ , the 
iron core becomes magnetized and attracts the hammer, tlnis separating 
the points Tins interrupts the current in the pnmar\ the inngnet 
ceases to function, the hammer returns to its rest position and the 
c\cle IS repeated Tims, the hammer Mbrates back and forth, and 
withc'crj interruption of the pnman current, the scconihr\ current 
IS generated 



Fio 9 —Schematic drawinc of m<lue(ion coil and intcrnipter 


The condenser is not an essential part of the circuit, but is a \ alinble 
adjunct Since the magnitude of tlic induced current depends on the 
rate at which the hnesof force are cut it is cMdenttliat the faster tlie field 
IS de\eloped or colhp«;es the greater will be the induced current Phe 
collap'^e, occurring at the break of the circuit, is al\\a\s faster and 
hence the secondary current proiluced thereb\ is greater than that 
at the make of the current Plus latter is called tlie tnicrsc carrent 
since it flow s in the opposite direction to the first (and more important) 
If unidirectional current is desired, an effort is made to suppress the 
in\er'?c This can be partialK done bj building up the field \er\ 
slowK m contrast to its rapid collapse The condenser is u-sed for 
this purpose Connected in the pnmarv circuit, it rccei\es and 
restores the first rush of current at make, allowing the field to build 
up slowh At break it discharges suddenU, with consequent sudden 
demagnetization of the core and collapse of the field 
There are % anous other tjqies of intemipters more practical for heai ^ 
dut> than the hammer break Since, howe^er, induction coils are 
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seldom used at the present time, there is no need of going into details 
with respect to them. 

Transformer. The induction coil is used with direct current, which 
must be interrupted However, today most power is supplied in the 
form of alternating cmrent If the primary of an induction coil were 
acti^ ated by alternating current, its magnetic field would varj"' auto- 
matically in strength and direction with the periodic changes in the 
current. As a result of these changes, alternating current would also 
be induced in the secondary. A transformer is a particular type of 
induction coil. Instead of an intense, abrupt flow of secondary cur- 
rent at break, and a smaller inverse one at make, with a perceptible 
interval of no current, as is the case with the induction coil, the current 
in the secondary of the transformer is smoothlj' alternating, following 
the same general form as in the primary. As in the induction coil, the 



Fig 10 — Closed core step-up transformer C, Core made up of laminated soft iron 
bars, P, primary coil, S, secondary coil 

coils of the transformer are usually wound about a metal core In 
general, the cores of induction coils are straight (open magnetic 
circuit) On the other hand, the cores of transformers are usually 
rectangular or toroidal in shape (closed magnetic circuit), the primary 
being wound on one side of the core and the secondar^”^ on the other 
side. The primary and secondary voltage and current ratios bear the 
same relation to the numbers of turns as in the induction coil If the 
number of turns in the secondary is greater than that in the primary, 
the secondary voltage will be greater than the primary, and the trans- 
former is of the step-irp variety. If the secondary has fewer coils than 
the primary, the secondary voltage is less than the primary and the 
transformer is of the step-down type. Since the main power supply is 
usually at 110 or 220 volts, and both higher and lower voltages are 
necessary in different parts of the x-ray circuit, both types of trans- 
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former 'ire u«e(l Step-up (Ingh \o!tagt) trinsfonnen» ire emplo\(.d 
to energize x-ras tubes 'ind st<.|>-<fo«n (Jou ^oltn^je) transfonuers are 
used to enerpjzc the filaments of r ra\ and \ al\ e tubes 

DEVICES USED FOR CURRENT CONTROL, 

Autotransformer — In nn\ cod earning an alternatujp current, the 
magnetic field produced b\ an\ turn of the coil is cut b\ all the other 
turns, so that a current is> inducetl in them Induction of current in a 
coil b\ cutting Its ow n lines of force is called self induclion, as oppo-ed 
to induction in a socondarj coil a\hieli is known ns mutunl indudwn 
Self induced current m a coil nlwajs has its olcctromoti\e force in tfie 



Fia 11 —Schematic draning of autotraruformer control 


direction opposite to that of the pnmarv current, that is, the self- 
induced current opposes the pninarj current, and tliertfore reduces it 
The resistance of an inductne circuit to the passage of an alternating 
current is called the impedance Such a coil, w ith a means of changing 
the number of turns included m the circuit can be used to control the 
primarj current, for the more turns are used, the greater is the self- 
induction and hence the greater the opposition to the primar\ current 
Such an instrument is called an autotransformer it is diagrammed in 
Fig 11, as used to control the current in the primary circuit of the 
z-ra% transformer With the Jeier on the last button current coming 
from the mam hne must flow through the whole coil before it gets to 
the transformer, and the self-induction effectiv elj reduces it to a small 
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amount As the current is to be increased, successive buttons cut 
out more and more of the autotransformer coil 
Eheostat.— Another important instrument of control in the primary 
circuit is the rheostat, or resistance. It consists simply of a series of 
coils of wire which oppose the passage of the electric current and dis- 
sipate part of its energy m the form of heat. A schematic representa- 
tion of a rheostat is given in Fig. 12. With the lever arm on the last 
button, the current must pass tlu'ough all the coils. For a given 
current, this causes a very high voltage drop across the rheostat, 
since volts = amperes X ohms. This means that very little of the 
primary voltage is left to go on to the transformer. As successive 
lesistance coils are cut out, more voltage is left to reach the transformer 
Autotransformer and Resistance Control.— Each of these instruments 
fills a definite function, and the combination of the two has been found 
more satisfactory than either alone. For a given change in current, the 



voltage varies less with autotransformer than with resistance control 
For the original warming up of the tube, it is desirable to approach 
the high voltage gradually, hence the resistance control is used. Once 
the desired voltage is reached, it is desirable to have as little variation 
as possible with change of tube current. If the entire control is by 
rheostat, every change in tube current is accompanied by a correspond- 
ing change in voltage For instance, if the milhamperes are increased, 
the voltage will drop. This is because the energy consumed in the 
rheostat (amperes X ohms) increases, leaving less to go on to the 
transformer Accordingly, in order to get back to the original voltage, 
it IS necessary to cut out more of the rheostat. Some variation occurs 
even with autotransformer control, but it is less Both instruments 
are ordinarily used It is customary to determine the desirable posi- 
tion for the autotransformer for a given kilovoltage and milhamperage, 
and to set this before starting the x-ray apparatus. Control is then 
maintained by means of the rheostat 
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Fuses — Vs long us no ncculent occur» nn x rnN circuit once estab- 
lished should operate stcadi!\ But ns i result internnlK of breakage 
or short circuit, or e\tcrnall\, of surges on the power line, a current 
much too large ina\ be niomenfarif\ supplied to the primar\ of the 
transformer In order to prevent this from doing damage, fuses are 
inserted m the circuit V fuse is siinpK n strip of metal which melts 
when a certain amount of clectncitv traverses it thus opening the 
circuit I uses are carcfulh rate<l for clifTercnt amperages Ihej 
should be used for a rating somewhii higher than the ina\imuin load 
to be carried b\ the circuit, but not too much higher A fuse should 
never be n placed by a permanent connection If a fuse blow s out rcpcat- 
edlv it means that there is something dcfimtelv w rong in the apparatus 



Circuit Breaker —More rapid and more certain action than that of 
fuses IS desired in x raj circuits and for this purpose a circuit brealer 
IS used Tills Is simplv a coil tarrving a current (a solenoid), with a 
movable soft iron plunger arranged as shown m Tig 13 Through 
coil C wound on a spool S passes a current which is proportional to 
the full transformer current This solenoid acts as a magnet and draw s 
up into Itself the soft bar of iron B to a definite position If the 
current m C is increased <«omewhat, the magnet of the solenoid becomes 
stronger and the plunger is drawn farther up If enough current 
passes tlirougli C B w ill be drawn up so far that it pushes up the bar P, 
opening the contact at J/jV which is in the mam line to the transformer 
primarv Ihus when a sudden surge traverses the supplv line, the 
circuit breaker is activated and interrupts the flow instantlj Some 
breakers are so constructed that when the danger is over thej return 
to the original position and the circuit is again closed In others 
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It is necessary to cJo:>e the breaker by hand before the machine can 
be ^rted again. By means of the adjustable screw, A, the position 
of the plunger can be regulated so that the circuit will be broken for 
any specified current. 

i 1 


F:g. 14. — Choke coi! for reg ilating carrent for Oooh'dge filament. 

Choke Coil.— A type of autotransformer often used for controlling 
small currents is the cMr coil. It is shown in Pig. 14, and consists 
merely in a coil-carn'ing current, wound over a movahk iron core. 
The position of the core influences the amount of self-inductance in 
the coil. As has been stated, self-induced currents have an E.M.F. 
tending to oppose the passage of the primarj* current. Therefore, by 
mo\-ing the metal core in or out of the coil, the primary current may be 
regulated. 





Contactor.— It L-s generally not desirable to have ordinary' switches 
carry the whole current for the transformer primary. Accordingly, a 
contactor is used which ma^' be activated by a small part of the current. 
It is shov.Ti in Fig. 15. The coil C, wound on the soft iron core A, 
carries a small part of the main current. Ris a strip of iron pivoted 
at P. ^Mien the sviitch at the contactor L closed, and current passes 
in C, A becomes magnetized and attracts R, which sviungs toward it, 
brinpng J/ and X into contact;. These points are in the main 
circuit, through which current can then pass. 


THE HIGH VOLTAGE CIRCUIT. 

Bectification.— The secondary' of a transformer delivers alternating 
current. If this were conduc-ted to the terminals of the ^^-ra} u e, 
each one would be charged alternately positively and '' 

times a second. In order for electrons to be repelled from t e amen 
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ind attncted to tlic tirpct is is cssentnl for ar-nx production, the 
former must be negitix c 'uul the 1 ittcr jiositi\ t 1 litrefort it is ntces- 
s'ir\ to hiv c some nu. ins of nt!u r stipprtssuig tint ji irt of the current 
Vilurh hfts the mtoiir sign or of directing its course so tint it ‘lKv'l^s 
gets th( npproprnte tcrmmil of the r-M\ tube In jiricticc both of 
these courses nrc ndopted Ihe sfxdlcil mechanical rcchfiers direct 
the course of the eurrent into the proper chinncl, the dectricd or 
ihcnnwntc, scheme nn\ do cither, ilcjicnding on the s\sttin used 
Self Rectification —Self reetjfic ition 

occurs i\hcn the high voltige tirmi XRAY TUBE 

nils are connected direeth to the y-' \ 

terminals of the x rw tube \s long ^ ^ ^ 

as the tirgct is cold the iiegitiic ^ 

phase of tlie altcrmting current is '■'s — X 

supprcs<;ed b\ the x-ra\ tube 'Ihc 

heated filament supplies electrons and 1 

these arc attracted to the t irget | 

when the filament is negative and the 
t irgct positiv I During the reverse j 

iialf cveic of the alternating current, 
no current flows from tlic filament 
to the target Wlicn the target is 
Iiot, electrons are emitted from botli 

filament and target atul the av stem i 

lireaks dovvn 

Mechanical Rectifiers — The me- 
chanical rectifier is simply a rotating 
switcli, mounted on an axis turned 
bj a aynchronoiif motor, so that it 
rotates exactly as often as the circuit 
alternates, and is nbvavs at the same L_ 

position at the same phase of the TRANSFORMER 

secondarj current A schematic 
representation of one t>pe of me- 
dnn.cal rect.Bcr ,s fc.vcn m Tib 10 

Cl and C2 an metai conductors tifier (<lisr type) and z ra> tube 
slightlj longer tlian one-fourth the 

circumference of the disc which carries them This is mounted on in 



Flo IC — Schtmatic representa 
lion of transformer mecbanicil rec 


axis tumid bj a svnclironons motor 30 times a second (for CO cjcle 
current) B-1 -2-3-4 ‘ire stationarv metal brushes which just fail to touch 
the disc as it rotates In tlie position illustrated, one end of the trans- 
former secondary SI is connected through B4 to C2~B3 and the right- 
hand end of the ar-raj tube One half cjcle later, when Si and S2 are 
reversed m polaritv tlie disc has made a one quarter turn so that Cl 
extends from B 4 to BI and C2 from B2 to B3 Thus, current from SI 
goes now via B4--C1~B1 to the left hand of the tube 1 he current from 
S2 may be similarly triced In this manner, as the polaritj of the 
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in the transformer, S2 and X become negative, and electrons are 
repelled from 7. Similarly, they are attracted to A. They cannot 
pass through the valve tube in this direction, and must pass through 
the .T-ray tube Each condenser develops a potential almost equiva- 
lent to the maximum of the transformer, and the potential difference 
across the tube is equal to the sum of these, or almost twice the tians- 
former voltage. 



Various modifications of the circuits with and without condensers 
are used In some, the mid-point of the transformer is grounded, or 
two transformers are used, each Avith one terminal grounded, M 
kenetrons also grounded at one terminal. Such a circuit is ^^,011 
son shown in Fig 22 This modification permits the introduction 
of the milliammeters at giound potential, which advantage is 
m connection with twin type transformers It also , P, 

to combine each valve tube and condenser pair into a un 
be immersed m oil, simplifying insulation pioblems. 

Twin Type Transformer. -Instead of a s‘«gle capacity 

fymg switch, two aie frequently used, each of one-h, compact 

Necessary in a smgle one, thus pe™itt,ng g.3S 

and the recffler has merely to care to-- ™ mstal- 
terminal as it alternates It may be „f the circuit. 

lation the milliammeters can be put in the pou d ^ 

thus making it possible to mount them on the co 
favorable position for close observation. 
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Polanty Indicator —It is not siifRcitnt to insure unulircctioml current 
through the x-T'w tube, it must pisb in tlie correct direction Tint is, 
tlie negitixe terrann! of the <iecomhn must be connected to 

the fihinent in order tint the electrons m'i\ he repelled from it niui 
'ittncted to the tirjret Since it the instint of st-irting the iinchinc 
either teriniml nn\ be positixe n -polariiy indicator is mounted on the 
control pmel toMiou nluchww the current starts 'IhisisordirnriK a 
simple DC \oltinctcr in connection with a commutator to rcctif\ 
a small current tapped off the V C ‘suppK 



BOOSTER SYSTEM 
I-M. 23 


Booster System —It is sometimes desired to increase the \oltage 
obtained with a small transformer md rectifier Tins ma\ be done 
bv means of the so-called booster system which is illustrated in Fig 23 
the high tension transformers of the original outfit arc shown at 
in-in, with twin rectifMng switches, iilF-iJlf l^o added high 
tcii'jion transformers art indicated at BT~UT which are used for 
doubling the \oltagc of the original pair The primaries of the two 
pairs ot transformers are connected in parallel One terminal of each 
of the U7 transformers is connected to one terminal of the rectifier, 
the other leads to the x ra\ tube 

rhe rectifMng switches are so set that the current from the right 
band one is always negatne and from the other afways positne 
Hence they dch\er from the sccondanesof the first (H7^ transformers 



48 


FUNDAMENTAL ELECTRICAL CONSIDERATIONS 


to the secondaries of the BT transformers a unidirectional current 
which pulsates between zero and the maximum for the HT trans- 
former In these same secondaries the BT transformers themselves 
produce an alternating current at the same potential as the HT trans- 
former At a given instant, the polarity of the current due to the BT 
transformer itself, and that delivered by the rectifier from the HT 
transformer, will be opposite, the two currents counteract each other, 
and no current passes to the .-c-ray tube On the next half cycle, 
the polarity of the two is the same, the voltages are additive, and the 
potential difference across the tube is twice that which it would have 
been with the original transformer 

Only alternate half waves are utilized in this system, the other half 
being suppressed. However, the output is effectively the same as if 
both halves were used when the milliammeter reading is the same. 
This maj^ be explained when it is realized that the current is really 
pulsating, fluctuating between zero and a maximum. These fluctua- 
tions are too rapid for the milliammeter to follow, and it registers an 
average Evidently this a^^erage will depend on the number of 
fluctuations per second, and the size of each, the same result can be 
obtained by fewer larger ones or more smaller ones. When one-half 
the waves are suppressed, twice as much current must be drawn from 
the other half. 

THE COMPLETE X-RAY APPARATUS. 


Having discussed the component parts of the .^-ray apparatus, we 
may now combine them into a typical circuit, such as is given m 
diagram m Fig 24. This shows a valve tube rectifier outfit with two 
transformers and two rectifying tubes 

Ordinary'- .x-ray equipment used for therapy may be divided into 
4 partly separate circuits 

1. Circuit for the high tension transformer 
2 Circuit for the .r-ray tube filament 

3. Circuit for the valve tube filament or the mechanical rectifier 


circuit if the equipment is of the old type 
4 Connections to switches, meters and other accessories 
The usual source of current is 220 volts AC It is fed to a 
switch, and from there it is diverted into 3 separate channels. ey 
are (1) autotransformer and resistance control, (2) valve amen 

transformer, and (3) .x-ray tube filament transformer e au o 
transformer and the rheostat are connected to the primarj’^ o e 
high tension transformer There is a voltmeter across e pri a 
of the high tension transformer and a milliampere me er m » 

tension circuit The voltmeter measures the EMF. m e P “ 
of the high tension transformer and the milliampere me er m 
the milliamperes passing through the .x-ray tube a er ea 
secondary of the high tension transformer TOe ““ 

noting current has to be rectified to high voltage pulsating 



Tin Ml \^UhlMl\T Of HIGH \OL'l\Gl 

turaut Ilu> i*- (lone. cit!ur I)\ \ iht t«iKs or In imtlnmc il recti 
fiir^ 'Modern niuijniunt h\s ^\l^c tul>c nctific itmn llicrc in 
2 Hpiritc circuits entering ^ > Mm twin. One circuit iv from i step- 
down tnnsfonner for tlu purixnc of he itiiip filinicnt ind tlic other 
circuit IS from the luph tension trmsfonmr Ihi hujh tension current 
now pi-'^vCb from the \ \l\e tulx. to the x ri\ tiihc I ikt tlie \ d\c 
tube there ire 2 circuits pissm|, to the x ri\ tube One circuit is i 
low \olt ij,e from i stip-down trinsformer for the pnrjxvse of he itiuj, 
the filiinent, ind the other is tlu hijjheolti^e circuit from the \ iKe 
tube 

lilvment repilitors ciremt hre ikcrs current stihih/ers (imdih 
nnlhimpere meters md either nhiuim nts ire found m yxid eepiip 
ment Detuls of dilferent tsjHs of ippiritiis will mit he discussed 
It is the purpoH of the sutmii simple to cnumerite tlit essentnl 
eemipoiunt pirtsof mr-rve ippiritus Hu diiftr un in I IR 24 should 
help the n vder to ei-u vli/e lutter the rcl etumship of these p irts 



Fio 21 Mam cociut of n tuo vnlve tul>e jr ra> otjuipmotU 1 \ tui>c S two 
\aI\etulM' i low ten ion irnn'^former for the jr ra> tube i low ton ion tj-an^fornier'* for 
Uio two \3i\c luiics j iirimar} roil for the hiish tension tranbformor » the ccoiuJirj 
Oil (or tta hish tpn low uan fomer " wniotim former S lead from the -20 i oU alter 
nituic curnnt o'ircc The bh« k hues r-irrs the uppU current the mllmc nrrj (lie 
fiifth leu ion (iirruil anil the Hue line rarrs the low tenbiou current 

THE MEA5UREMEKT OP HIOH VOLTAGE 

Sp3.rk Ga.p t ntil veccutK the oul\ of mc'tsurjng high 

solttRi outMde Will ecpnpptdphesu il hboritonts w is the spirk rij> 
iiid t\cn u prtsint it is more width used tinn 'Un otlier method 
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rUXUAME^TAL JSLEC'J JiJCAL (JJEEIJJERATlOKh 

Tl^e -jj-dTh gap Ji-y5a*-ur<;=> pcc/Z' voltage, hlnce tie -.rave fon/j horn 
dinereijt t:q>^v. of generator- may vai^r greatly, even -’.Ijen tie -ame 
peal: voltage i- <hTnyiK(l fFfg, :i5;, it i= e'.'Kleut tlat tleq^arkgap-rjU 
not gi-.'e complete lofonnatlon regarding tie qnal'ty of tie radiation. 
It v.dll permit tie determinatiou of tie iri'ivhnmii tcoo'^ length, lut telF 
notling alout lo-r mud of tie ladiation i-> of tli'? -va-.'e Jengtl, oj 
'vl.at i- tie dietrilutnm of tie remainder, fSee dFca-sdon of Quality 
Determination, C’lapters JX and ^Lj 




= OT£\'TliL 


O' 





THE MEASUREMENl Of HIGH \OLTAGf 


51 


Spark-gap measurements are subject to man\ errors In the first 
place, the personal equation is large The rate of speed nt ^\hich 
difTerent obser\ers clo^c the gap, the method of holding it in po<?ition 
and of reading it are important Spark-gap measurements should 
ne\er be made h\ setting the gap at a fixed po<5ition and inereasmg 
the \oltagc through the apparatus until the spark pas'^es The 
presence of e^ en small surges on the line makes accurate measurements 
by this method impossible Tlic gap should be set mucli uider than 
necessar\, the apparatus brought to a stead\ nmnmg condition, and 
the gap closed sloul^ Caro must be taken not to clo<;e the gap 
farther after the spark has passc<l Several readings must aluavs be 
made and the average taken to obtain the value to be U'sed The 
sparking points or surfaees should alvvavs be eleanjand free from rust 
or moisture 

Tablf 1 — '3p^nK-< Voltagch (25® C “00 Mw Pkea'^dre) 

Lfngth of spark gap cm 


Spherical elMtrpdea. 











10-Cm 

Kt 

poiftt 

sph*rc« 

ipherf* 

spheres 

40 

3 81 

1 41 

1 30 

1 29 

00 

0 SI 

2 

2 1" 

2 Ok 

80 

11 in 


3 20 

2 84 

100 

15 50 


4 77 

3 "5 

120 

19 SO 


7 0“ 

4 "8 

140 

24 10 



5 97 

100 

2S 10 



7 37 

180 

32 00 



9 03 

200 

lo 70 



11 10 


Spark gap measurements should never be made in such a waj as to 
throw a large current across the valve tubes Thev are adjusted to 
carry anj current tolerated bv the x rav tube, but not the much 
larger one pas'sed b\ the gap at spark-over Tlie gap is introduced 
into the circuit in such a u av as to short circuit the z-raj tube so that 
it 13 protected Methods of determining voltage m valve tube instal- 
lations are discussed below 


Table 2 — Corbection forSpiiere-capVoitace Hevdino W ith Temperatcre and 
Pressure (Handbook of Phj ics and Chemntrj 191^ courtesy of Chemical Rubber 
Companj Clo\ eland Ohio) 


Temp 

C 

0 

10 

20 

30 


Pressure mm 


7*0) “10 
1 04 1 OQ 

1 00 to. 
0 96 0 99 
0 93 0 9f 


7C0 7g0 
1 09 1 12 
1 Oa 1 OS 
1 02 1 (M 
0 9S 1 01 


Variations in temperature, pressure and humiditv cause variations 
in the spark-gap readings Table 2 gives correction factors for tem- 
perature and pressure within certain limits If the temperature is 
lower than the 25” C of the standard table, more potential difference 
4a 
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will be required to make the spark jump a given gap, or a given space 
will indicate a higher voltage than the correct one by the amount in 
the table. Similarly, if the pressure is lower than the standard 760 mm., 
less voltage is necessary to force a spark to jump a given gap. There- 
fore, the correct reading will be lower than the apparent one, by the 
factor indicated. For the greater variations in pressure due to changes 
in altitude rather than to local barometric conditions, the correction 
factors given in Table 3 may be used. 


Table 3 — Corhection 

ron Sphere-gap Voltage Reading 

With Altitude 

(Handbook of Physics and Chemistry, 1935, courtesy of Chemical Rubber Company, 
Cleveland, Ohio ) 

Correction. 

Altitude, 

Normal pressure, 

percentage of sea 

ft 

mm 

level value 

0 

760 

100 

1000 

730 

96 

2000 

705 

93 

3000 

680 

89 

4000 

655 

86 

6000 

630 

83 

COOO 

605 

80 

7000 

580 

77 

8000 

555 

74 


For altitudes such that normal barometric readings do not come 
within the range of Table 31, temperature corrections may be obtained 
from Table 4. 


Table 4.— ConnBCTXON for Sphcre~gaf 
of Physics and Chemistry, 1935, courtesy 
Ohio ) 

Temp , 

^ C. 


Reading With Temfbratdre (Handbook 
of Chemical Rubber Company, Cleveland, 

Correction, 
percentnRC of value 
at 25“ C 


0 

5 

10 

15 

20 

25 

30 


109 

107 

105 

103 

102 

100 

98 


The effect of humidity vanes with the size of the sparking terminals, 
being more marked for points than for spheres Rather than attemp 
to correct for humidity, it is wise not to make spark-gap measurements 


on a very damp day. , 

With reasonable precautions, spark-gap measurements are qui e 
reliable. However, at present they need be used only 
check. The modern x-ray equipment is always provided wi a v 
meter in the primary circuit, which may be calibrated to give e 
secondary voltage. This calibration is done by means oi e sp 
gap, and must be made with the voltmeter on the apparatus wi w 
it is to be used. It will not apply even to another ° j 

g^me type, because of possible slight differences m trans or 
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rectification Calibration inust be made for e\er> combination of 
kilo\olts and milliampercs nhich maa be ii«cd, since nith different 
currents the same primnr\ aoltaRC Mill gi\c different secondar} ^ol- 
tages (See section on Vutotransfonner and Rlicostat Control ) For 
instance, the first detcnnmntion might be to find the voltmeter setting 
which, with 2 inilliampercs caused the gap to break when tlic voltage 
was 100 kilovolts, as determined from a table for the proper tjpe of 
terminal Suppose this reading was 00 llicn, ns long ns no hreak- 
dowTi occurred m the apparatus, whenever the primirv voltmeter 
registered with a eurrent of 2 milliampercs, the '^econdarv voltage 
would he 100 If, however, tlic current is increased to 4 milliampercs, 
the reading on the voltmeter when the spark gap indicates 100 kilovolts 
will be more than 90, possiblv 102 lhat is, with increased current, 
greater pnmarv voltage is necescarv to obtain a given secondarv 
voltage It IS evident, therefore, that separate calibrations must be 
made for everv combination of kilovolts an<l milliamperes which raav 
be used Thc^e calibrations will remain constant as long as no changi 
occurs in the apparatus or the tulic It is ndv I'sahlc to check this 
from time to time with a spark gap, but routinelv, reliance mav be 
placed on the pnmarv voltmeter 

It IS evident from the above that the pninarj v oltincter scale should 
not be made to read dircctlv in kilovolts, suite the same reading 
indicates different kilovoltagts ilepcmling on the tube current At 
present this c\phuation is of limited value because modern shock- 
proof X rav apparatus la so dtsignetl that the operator cannot measure 
iugh voltage with gaps Ihc ineasurcincnts and calibrations of the 
voltmeters are made and guarantcid hv the manufacturers Spark- 
gap measurements, even though inaccurate, vv ere valuable with old 
tvpe equipment, especiallv with all the variables common to such 
x-rav machines Ihc introduction of more accurate methods of 
measuring quahtj and quantit> of x rav beams bv loniration has made 
gap measurements obsolete Besides, somt shockproof therapj eqvup- 
ment have meters on the control pincl which show kilovolt readings 

Direct Measurement of High Voltage —The well-known relation 
between voltage, current, and resistance, knowai as Ohm’s law, is 
utilized for the direct measurement of high voltage Resistors of 
know n measurements are used tlie milliamperes are siinplv determined 
and, bv utilizing the formula 

%oUs “ amperes X ohms 

the voltage is quicklv determined The resistors ire large and this 
work can he done onlv bv phvsicists with speciillv equipped phvsical 
laboratories This is not a procedure which can be carried out bj 
an> dermatologist or roentgenologist 

Indirect Voltage Determmation by Means of Standard Absorption 
Curves —For ar-ra\ apparatus giving constant potential, a verv satis- 
factory method of voltage determination is by the comparison of 



54 


FUNDAMENTAL ELECTRICAL CONSIDERATIONS 


absorption curvp^ of the .^-rays generated with standard curves. With 
constant potential, the quality of the rays is determined by the voltage, 
since it is practically all of the peak value, and no wave form need be 
considered The Bureau of Standards has published sets of absorption 
curves in aluminum and in copper for thin and thick glass .r-ray tubes, 
for a wide range of voltage.^ Tables 5 and 6 give the data for a thin 
glass tube with aluminum and with copper. 

Table 5 — Absorption of Genehab X-radiation in Aldmindm, Different Con- 
stant Potentials Tube Wall, 1 29 Mm Cerium Glass 

A1 filter, 


mm 

CO Kv 

70 Kv 

80 Kv. 

90 Kv 

100 Kv 

110 Kv. 



Per Cent Radiation Transmitted 


0 

100 

100 

100 

100 

100 

100 

1 

32 10 

33 80 

36 00 

38 90 

40 30 

42 40 

2 . 

19 00 

20 80 

22 90 

25 20 

27 20 

29 40 

3 

12 80 

14 40 

16 50 

18 40 

20 30 

22 30 

4 

9 34 

10 70 

12 60 

14 40 

16 20 

18 00 

5 

7 00 

8 44 

10 10 

11 60 

13 40 

15 00 

6 

5 41 

6 79 

8 25 

9 69 

11 30 

12 80 

7 

4 35 

5 53 

6 88 

8 33 

9 80 

11 20 

8 

3 55 

4 61 

5 84 

7 21 

8 58 

9 92 

10 

2 44 

3 42 

4 38 

5 44 

6 63 

7 85 

16 

1 16 

1 79 

2 40 

3 17 

4 06 

4 80 

20 


1 00 

1 40 

2 01 

2 60 

3 17 


Table 6 — Absorption of General X— radiation in Copper, Different Constant 
Potentials Tube Wall, 1 29 Mm Cerium Glass 


Cu filter, 
mm 


100 Kv 


110 Kv 120 Kv 130 Kv. 140 Kv 
Per Cent Radiation Transmitted 


150 Kv 


100 

20 40 

15 30 

100 

22 00 

17 80 

100 

23 80 

19 90 

100 

25 80 

21 80 

100 

27 60 

23 40 

100 

30 30 
25 60 

12 90 

11 10 

8 78 

15 10 

13 20 

10 30 

17 40 

15 20 

12 10 

19 20 

17 00 

13 80 

20 80 

18 70 

15 40 

22 80 
20 50 
17 00 

7 15 

4 53 

3 08 

8 50 

5 77 

4 13 

10 00 

7 04 

5 18 

11 60 

8 32 

6 35 

13 00 

9 65 

7 41 

14 40 
10 70 
8 43 

1 77 

1 03 

2 42 

1 60 

1 02 

3 13 

2 06 

1 46 

4 00 

2 73 

2 00 

4 86 

3 38 

2 50 

5 75 
4 13 
3 12 



1 09 

1 48 

1 93 

2 49 


For any setting of a therapy machine, an absorption noints 

taken with a simple ionization mstrument By comparing ^ 

ofithis curve with those of Tables 5 and 6, the voltage w ic i p 
radiation corresponding to this absorption curve can e oun 

1 For'a discussion of absorption curves, see Chapter IX Superintendent 

2 Bureau of Standards Research. Paper No R P 666, for sale oy rn 
of Docuinents, Washington, D C , for five cents 
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This question of determining high \olt‘iges boils down to the 
u'se of sphere gaps for non-shockproof appiritus, and, for modern 
shockproof equipment, the meters mounted on t!ie panel board read 
kiIo\olts in rehtion to certain millnmperes This is ‘'iifficicnt for 
practical purposes m dennatologic ar-ra\ thcrapv Tor expcnmcntiil 
purpo<5cs the aid of a plusicist is rcqiiirctl to make accurate absorption 
curves, and the voltages are then dctcmiincd bv coinpari'-on with 
standard^ab'-orption curves 
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CHAPTER V. 

RADIATIONS IN A DISCHARGE TUBE.^ 


jModerx z-ray tubes take many forms, depending on the purpose 
for -^nhich they are designed. All tubes will not be described, nor is it 
necessary to describe tlje evolution of z-ray tubes. Jn a practical 
book of this type v.'e shall limit the discussion to; (1) Coolidge 2 :-ray 
tube; (2) a typical shockproof tube; (3) Grenz lay tube; (4) tube 
used for contact therapj'. The principles of operation of all 2 :-ray 
tubes are the same and all come under the heading of cathode tubes. 

^ CJoolidge Tube. 'Ihe tube consists of a glass envelope with 2 long 
side arms. Ihe glass is usually pyrex and resists heat, jarring, and 
pressure quite adequatel 3 ^ vacuum is as perfect as is possible 

to obtain. It is about 1 billionth of an atmosphere of pressure. The 
electrons are emitted from a tungsten filament heated to incandescence 
by means of a low voltage circuit from a step-down transformer. The 
heat of the filament reaches about 1800'^ C. To this filament is also 
attached the negative phase of the high tension circuit. ITe filament 
Is ‘•poken of as the cathode and in operation is negatively charged. 
Opposite to the filament, and in a straight line with it, Is the target, 
which Is made of heavy tungsten and the face is angulated at 45 degrees. 
It is called the anode and is the positive electrode of the high voltage 
circuit. The two side arms provide distance between the high tension 
terminals outside the tube in order to prevent spark o\er between the 
terminals. The tube just described is an air cooled superficial therapy 
tube in common use among dermatologists in the United States. 

Perhaps to understand the operations of an a:-ray tube, it Is well to 
describe what takes place in a two element electrode tube. The prin- 
ciple of thermionic emission or of rectification in a valve tube is similar. 

Take a tube v.'hich is evacuated and has in it a filament heated by 
battery A to incandescence. This heated filament will emit electrons. 
These electrons will remain in the vicinity of the filament if nothing 
attracts them. Now if a metal plate called a grid is attached to the 
positive terminal of battery B, the electrons will flow from filament 
to grid. This is based on the principle that imlike charges attract 
each other. Thus Is established a current of electricity, B the gri 
is connected to the negative terminal of battery B, there v ill be no 
flow of electricity and the galvanometer will not register, fiig, 

serves to clarify the principle of thermionic emission. 

In an z-ray tube the low tension circuit heats the fiJamen in a 
vacuum, thus supplying electrons. The high tension circuit supp les 


In "the last edition tins diapter v.as lewxd by Dr. Edith H 
the material added by Dr Quimby lias been retained m this edition. 
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the potentnl difTcrencc needed to dmc the electrons to the anode 
The liighcr the \olt'ige, tlie grc'itcr tmII be the speed Mith which the 



Fio 20 —Two element electrode lube F I Uament nnd U rtiJ ore eneloi>od m a 
vacuum bulb G Ralv-anomcier A V battery to beat filament m order to supplj elec 
trone D I) batter> who e po<icn« pole u connected to ct>< 1 makine poaaiblo tho fiow of 
electrons from the filament to the grid 



Fio 27 —bcbematic drawing of a Coolidgo Y ray Tube i Low tension lead S high 
tension lead S filament (cathode) 4 cathode atream 6 anode (target) G high tension 
lead glass wall of * ray tube 8 x raja withm and outside the tube 

electrons travel, the stronger will be the impact against the target, 
and the harder will be the ar-rijs emitted The electrons, m moMng 
from the cathode to the anode, form the cathode stream A-rajs 
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are formed wlien the electrons strike the target and are deflected from 
it. Some .r-rays are so soft (long wave length .r-rays) that they are 
incapable of penetrating the glass wall of the tube. Thus, the tube 
itself acts as a filter. Others are so penetrating, depending upon the 
voltage, that they are capable of penetrating se\eral inches of lend 



Fig 2S —The licad of modern shockproof .appni!itus and 

cables, the complete enclosuic of the x-r.ay tube in a glance of the target 

a:-iay proof Theio is also a device foi cei.tcniiE and ineasuiinE the distance 

to the skin surface 

Most modern .r-ray equipment supply shockproof 
and tubes. The tubes are enclosed m be oil- 

of cooling are provided. The most Sol the oil. The 

immersed tubes with circulating cold water used supply 

S is also a good .nsulator. Shockproof 

electrical protection to the patient and ; emitted from the 

amount of scattered ,°”5p\7ndow of tlie housing, 

apparatus are those that come thiough the vindow m 

In most instances the housing is 20 and^SO degree angle anode 

For routine dermatologic therapy, ^^^0 and du aeg 

tubes are undesirable because they do _n a > . ^ £^^^3 

Sstonce, a uniform field of Xs, me ^ 

45 degree angle target, such as open Coolidge ru 
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eapeci'ilK in trcituig lirgc surfaces of tlic bod\ in utilizing the o^c^- 
hp principle of irndmtion, in tcinporinU cpihting the scalp for 
tinea capitis 

Grenz Ray Tube — Ihe Grtnz ru tube is designed to emit radiation 
of \cr\ long ue lengths rhereforc, the tube is to be made of e\ 
tremeh thin glass, or a spcciil window of the Lindcinann t\pe has to 
be proMdetl Ordinar\ p\rt\ glass will absorb all a--rns generated 
\>ithin the tube The^c e\trcmel\ soft xra\s arc generated with 
vbout 10 k\ 

Chaoul Tube —I he Chaoiil tube, iisc<l w ith a oltnges of about oO k\ , 
introduces a new feature in tiil>e designing The import int feature of 
this tube is the mode end Ihe electrons pass down a grounded metal 
c'lmdcr and strike at its end the target, which is made of gold-jilated 
nickel 0 15 mm thick A water jacket 2 mm thick cools the tube 
The ar-raNS penetrate casih the thin target and la\cr of water Cones 
of different sizes and slnpes fit o\cr the end of tlic tube and ser\c to 
measure dl^tance ind prottet surrounding noninl tissue The work- 
ing distance i'' onU i few cciitiincttrs 
Cathode Raya — The cathode ra\ s arc the electrons, whicli, npparcntlj 
proceeding from the cathode, produce x-n\s b\ their bombardment 
of the anode (In some gas tubes a separate "anti-cathodc" is pro- 
vided for this purpose ) fhcir path is the bluisli pencil of light pro- 
ceeding from the cathode Thc\ arc themselves invisible, but bv 
their bombardment thev render faintiv fluorescent tlio molecules of gas 
in their path The glass wall of the tube fluoresces bnlhantlv where 
thev impinge upon it and thev produce similar effects on mnnj sub- 
stances placevl within their patli Thev are rcadilv deflected bv an 
electric or magnetic field Ihev possj^'S a v erv powerful pliotographic 
action Ihej travel with a vclocitv v'hicli depends onij upon the 
potential difference between the electrodes Onij a very small per- 
centage of their energv is transformed into x-rajs, the rest being 
wasted as heat Targets of platinum, and even of tungsten (melting 
point, 3000^ C ) can be melted and volatilized in a vacuum tube bj 
this bombardment 

If cathode raj s are allowed to pass through an opening m the anode, 
and some dev ice is prov ided for getting tliem outside of the tube (such 
as a window of verj thin aluminum foil), their biological effects can be 
studied 

Cathode rajs are identical with the beta ravs from radioactive 
substances the onlv difference being one of velocitj The ravs from 
an ordmarv (200 kv ) x raj tube can penetrate onij a few centimeters 
m air but with recentlj developed generators capable of delivering 
2 or 3 million volts, cathode rajs have been produced which travel 
manj centimeters in air, and can penetrate several millimeters into 
organic matter It is possible that such rajs maj be emplojed m the 
treatment of the more superficial cutaneous diseases At present, 
however, little studj has been made of their biological effects 
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X-RAYS. 


Nature of X-rays. The .^-rays, as we lia^’^e seen, are electromagnetic 
waves of very short wave lengths. They are produced by the sudden 
arrest of the cathode raj^s at the anode or target of the a:-ray tube. 
They travel in straight lines, with the velocity of light, and are not 
deflected by the influence of an electric or magnetic field. X-rays are 
invisible; they are powerful ionizers; they have a strong photographic 
action and are capable of producing a marked fluorescence in certain 
chemicals, such as barium platinocyanide. A beam of .r-rays, like 
visible light, is not homogeneous; that is, it is composed of a mixture 
of ■waves of different lengths. As in tlie case of visible light, it is 
possible to separate these various wave lengths and to study the 
characteristics of each one. In the case of visible light, we can 
recognize to a certain degree the various wave lengtlis by the im- 
pression which they make on the eye, namelj", the different colors. 
The wave lengths of the .a‘-rays are too short to register in this manner, 
hence they are invisible. On account of the extreme shortness of the 
wave lengths, thej’’ cannot readily be separated in the same manner 
as those of light, namely, by prisms or gratings. But in crystals we 
have an arrangement of atoms in planes whieh is the equivalent of an 
exceedingly fine-lined diffraction grating. It is by this means that tlie 
.x*-ray spectrum is obtained. 

It is difficult to obtain by process of comparison or visualization 
any conception of tlie size of a short electromagnetic wave such, for 
instance, as tliat of the a;-rays. For this purpose Shearer states 


that "it is customary in physics to select sucli units of measure- 
ment as will avoid the use of very small fractions or of very large 
numbers. Thus the micron, or ^ W millimeter, is used as a unit 
in microscopy. An aimrage hair is about 20 microns in diameter. In 
measuring i\'ave lengths of light the Angstrom or loo.o-ooTo^ cm. is 
usually chosen as a unit. The wave length of yellow light from sodium 
vapor is about 6000 of these units, while roentgen-ray wave lengths 
would be expressed by fractions of an Angsti’om Thus we have the 
diameter of a hair, 0.002 cm , 'O’^ave length of yellow light, 0.0006 cm., 
medium roentgen-ray ■v\"ave length, 0 000000005 cm. Multipljnng 
these fractions by 10 nine times, we have: roentgen-ray wave lengm, 
5; yellow light ■w’^ave length, 60,000; diameter of hah, 2,000,000. oo 
that the hair could contain 400,000 of these roentgen-ray wave Jeng s 
in its own diameter. It is, then, clear that these waves are or excee mg 
‘fineness of grain’ if we may use a common term.^ The distance e 
tween atoms in crystals of metals is from 2 to 4 Angstroms, so la 
such atoms are separated by a distance equal to sevei al ■v\w e eng i 
of roentgen rays, such as are commonly used. It may rea y’ ® ® 
how the behavior of such waves would be difteiently a e 

matter than would that of long ones ” . 

The penetration of .r-rays into matter is determine y 
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lengtii and bj tlie dcnsitj and atomic number of the matter tr'i\ersed 
The shorter the -w e length, the harder the ar-raj , the greater the pen- 
etrating po^'o^ The spectrum of the radiation from an x-ra\ tube 
sho^^s a great range m ue lengths The shortest, or most penetrat- 
ing, the minimum unre length, is detennmed b\ the potential differ- 
ence between the electrodes It maa be calculated bj the formula 

\\i\c length (m Angstroms) = 

The longest or least penetrating, the vtaxtvium nave length, is that 
aahich can just emerge through the nails of the x-ra\ tube The 
relationship of the tape of roentgen radiation coininonla used in 
therapa to the aoltagc and aaerage aaaac length is giacn m the fol- 


loaaing table 

aelUfe at AveriEs wave 
» n\ lube VeriEtb in 
Typa of radiation in kilovolts AnptrSms 

Greni ra} iherapA 10 2 0 

Contact tlicrapi CO 0 8 

Superficial therapy 100 0 5 

Deep therapy 200 0 14 

Supcnoltage thcrap) 1000 0 03 


It might be supposed that, if a constant potential difference acceler- 
ated the electrons from a hot filament, thc> aaoiild all traacl aaith the 
same aclocita, strike the target aaitli the same force, and generate 



Fio 29 —Diagram illustrating impacta of electron on target D direct impact 
resulting m generation of single * of mavimum energj P~Q~R-S~T multiple 
impacts resulting in generation of several i raja of relitivclj small energy 


X rajs of the same wave length This would be true if the surface of 
the target were actually smooth and everj electron struck m exactly 
the same waj A simple illustration by Shearer shows what ma> 
actuallj happen The heav j line m Fig 29 represents the enormously 
magnified surface of the polished tungsten target Imagine an electron 
striking the rough surface at Q Its speed will be somewhat altered 
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by this impact, and it may be deflected to R and then to S, etc. At 
each impact, or change of velocity, an .r-ray will be originated. Thus 
a group of these rays may be started by a smgle electron. On the 
other hand, direct impact, with resultant complete stoppage, as at 
D would set up a wave of greater energy for the same initial electron 
speed. The irregularities of a highly polished metal surface are 
doubtless much greater than those shown, in comparison with the 
diameter of an electron. 

It is evident from the foregoing that the nature and quantity of 
3:-rays emitted by a given tube are absolutely fixed by the number of 
electrons used per second and their strildng speed The methods for 
measuring and controlling these factors will be discussed in detail in 
subsequent chapters 

As will be seen, the various tjqies of radiations emitted in a dis- 
charge tube are exactly like those emitted spontaneously by radio- 
active elements. These natural radiations will be described in the next 
chapter. The passage of radiations through matter, the secondary 
radiations produced in the process, and the final absorption of the 
radiant energ;\* will then be discussed for naturally and artificially 
generated rays together. 
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HIE R \DI0ACT1VE LLEMI NTS VXD Jill IK 
RADI \T IONS* 

RADIOACTIVITY 

B\ rndlo^ctJ\lt^ is meant timt property po'jscs^cd l)\ ctrtnm tie 
ments, wljorcb\ their atoms spontaneoush undergo a special form of 
atomic disinteprition, ^\ith emission of j>cnctrntinp radiations cap- 
able of aflcctinR photographic plates, discharging electrified bodies, 
and producing \arious clicmical and biological phenomena At pres- 
ent about fortN such elements ate kuoun the most familiar being 
uranium, radium, radon (radium emanation), polonium, thorium, 
rac«othorium, and actinium \Miilc our interest centers mainh in 
radium it is ad\i«able to consider bneflv the dilTcrcnt “families'’ of 
these substances and thcrebN to show the rclation<5hip of thc«e ele- 
ments 

Types ot Radiations —1 here arc three t\pc** of ri\s called alpha, 
beta and gamma rus llio^c winch art stopped bi a sheet of paper 
arc the alpha rays llio\ arc m rtaht\ but hclnun nuclei trai cling 
at speeds of 9000 to 20 000 miles per «ccond For this reason 
thci are often referred to more approprmtcK, as alpha particles 
The} can-} double positive charges (Sec Fig 2, page 24 ) In passing 
through matter these particles arc quickh slowed down b\ colliding 
with atoms, annex two electrons, and become indistinguishable from 
helium atoms Since all tlic alpha particles from a given substance 
start with the ‘iame vclocitv thev all travel the same distance, or are 
said to have the same ranyc Hus range vanes in air from 2 7 cm 
for uranium alpha particles to 8 G cm for those from tlionum C' 
None can pass through a sheet of foolscap paper 

The beta rays arc al&o particles thev arc nctuallv electrons, travel- 
ing at high speeds Unlike the alpha particles, the beta ravs from 
a given substance var} considcrabl} m speed some of them reaching 
almost the velocitv of light Their mass is much less than that of 
the alpha particles and thev travel much faster Accordingl}, the} 
can penetrate much farther into matter before tbeir energv is reduced 
to the point where the} can no longer be distinguished from ordmar} 
electrons The swifter ones can traverse 1 cm of tissue All are 
stopped bv 2 mm of brass or 0 5 mm of gold or platinum 

* In the last edition tins chapter was re\i od bj Dr Edith II Quiinb> Some of the 
material added by Dr Qitimby has been retained m till edition 
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The gamma rays are electromagnetic in the same sense as x-rays or 
visible light. They are of very high frequency, or short wave length, 
and therefore carry large quanta of energy. They are very pene- 
trating, the hardest passing readily through 25 cm. of lead. 

Since electrically charged particles are affected by a magnetic field, 
the three types of raj^s may be separated by passing the beam between 
the poles of a fairly powerful magnet. The gamma rays, since they 
carry no charge, will go straight through. The alpha and beta par- 
ticles, having charges of opposite sign, will be deflected m opposite 
directions. The beta particles, being lighter, will be more easily 

influenced, and so will be de- 


^ fleeted much farther from 

/ their original path. (Fig. 30.) 

It is simpler to get rid of 
alpha rays by putting a thin 
layer of matter in their path, 
but when a pure gamma ray 
beam is desired in experimental 
work a magnet is often used 
to remove the beta particles 
This method would not be 
^ practicable in therapy because 

// of the cumbersome apparatus, 

r^jjd, as we shall see later, is 

r \ / not necessary 

Ongin of the Rays.-yues- 
j tions immediately arise as to 

i # where the rays come from, why 

I some substances emit them 

magnet others do not, why some 

W — — substances emit one type ot 

1 rays and others anotlier, and 

1 what happens to the substance 

^ after it has given out tms 

RADIUM the form of radi- 

FIQ 30 —Deflection of radium rays in be recalled tlldi., 

magnetic field according to the theory ot 

atomic structure, all atoms co^tam within themse^ 
negative particles, the answers to these „ates of particles 

The forces holding together these i fthef and electrons do 

must be very complicated Protons rep gj,g also 

likewise, but protons and electrons t^Pces of attraction and 

electrical and gravitational forces ^ ^ the atoms would not 

repulsion must be the uranium atom, with atomic 

be stable enough to be identified^ conttning 92 protons, 146 neutron . 
number 92, and atomic weight f 8;"°^th! maximum complexity is 
and 92 extranuclear or orbital electron , 
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reiched No atom 'with a hrger number of electrons or protons js 
knowTi to exist in Nature and, in fact, uranium it«elf is not entirelN 
stable, for occa'^iomlh a uranium atom breaks doi\Ti spontaneoush 
into more simple atoms 

Ml elements u ith atomic xieiplit* larger tlian 20S exhibit this prop- 
ertN of ‘spontaneous di‘smtcgration 1 Mdenth the larger number of 
protons and electrons in the atomic stem is partK responsible for 
the rclatiNc instabiht\ of the atom^ but is is not the <5olc cau^e The 
structural arrangement of the component parts has considerable influ- 
ence nl>o Tor this rca'^on some elements uith atomic i\ eights loner 
than uranium arc much more unstable *1 liis in‘5tnbilit\ manifests itself 
m the sudden explosiic change of one atom into another of less 
compIe.x^t^ During this change, positiie or negati\e particles are 
ejected from the nucleus, and oncrg\ is liberated m the form of electro- 
magnetic radiation \ radioactiN c element is gradualb and constant!' 
changing of its on n accord irrespecti'c of its en' ironment It should 
be noto<l honc'cr, tint tlie gradual change is due to tlie sudden explo- 
sion of a certain percentage of the atoms e't.r\ instant This rate of 
change is difTcrcnt for difTercnt ‘substnncc' but is constant for, and 
eharnctcr^tic of, each radioactu c element \o means has c' er ' ct been 
found of accelerating or retarding this clnractenstic rate 
RadioacUve Senes —Careful stud\ of the radioacti'e elements, of 
which about fort' arc knorni has «honn etrtam genealogical relations 
among them, nhicli ln\e loti to their cIn<«ification m tiiree «crics the 
uranium the thorium, and the actinium ^ene" tlic last being rcall\ a 
branch of the uranium <eries 

The urantum aericj is for our purpo'^s tlie most important, since one 
of its members is radium and part of it "ill be discu's^ed later some- 
"liat m detail It is gi'cn m Tabic 7 
The adimian scncj is real!' a side clmin of the uranium ‘series, 
originating in an abnormal disintegration of uranium II ^^he^eas 
97 per cent of this element changes into ionium and proceeds through 
the uranium *>enes the remaining 3 per cent becomes uranium \ and 
follo" s a different ’=enes This «erics is gixen in Table S No element 
m It IS of an% practical importance 
The thorium ‘lenes gi'en in Table 9, is relatixcK more important 
than the actinium ‘series although its members are of decided!' 
practical 'alue than those of the umnium senes 
Occurrence of Radioactive Substances in Nature —Little is known 
relati'e to the formation of the priinnr\ radioacti\e elements From 
the standpoint of the prc'-ent-dax lupothcsis of the structure of matter 
It «eems probable that complicated atoms must ha\e been s'nthesized 
under conditions of extreme!' high temi>crature sucli as exist for 
example in ‘some of tlie nebula* 

Radioacti\e ‘^ub'ttanccs are wideh distributed in Nature The 
first radium '\as produced from pitchblende deposits of Bohemia 
For ‘:e\eral \ear5 the greater part of the world s radium suppK was 
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Table 7.— The Uranium Series of Radioactive Elements 


Element 

Atomic 
•B eight ) 

Atomic 

No 

, Tj-pe of 
radiation 

Time of 
half decay 

1 Equilibrium 
) amount 

1 Grams 

Uranium I 

238 

92 

Alpha 

4 4 X 10' yr 

12 94 X 10' 

Uranium X 

234 , 

90 

' Beta 
i Gamma 

‘24 6 da 

1 

|4 4 X 10"' 

I 

Uranium X: (99 05%) 

234 , 

91 

j Beta 
' Gamma 

1 08 4 sec 

;5 X 10"“ 

Uranium Z (0 35%) 

234 ' 

91 

! Beta 
! Gamma 

' 0 7 hr. 

' 0 X l(n' 

Uranium II . . 

234 ' 

92 

1 Alpha 

3 X 10' yr 

1200 

Ionium (97%'i . 

230 

90 

' Alpha 

83,000 yr 

!52 7 

Radium 

220 

88 

, Alpha 

1590 yr 

|100 

Radon 

222 , 

80 

Alpha 

' 3 824 da 

1 6 47 X 10"' 

Radium A 

218 

84 

! Alpha 

3 05 min 

|3 52 X ir' 

Radium B 

214 

83 

[ Beta 
! Gamma 

20 8 min 

I 3 04 X 10"' 

Radium C 

214 

83 

Alpha 

Beta 

Gamma 

19 7 mm 

|2 23 X 10"* 

1 

Radium C' (99 90%) 

214 

84 

Alpha 

10"' sec 

2 X 10"'' 

Radium C" (0 04%) 

210 

81 

, Beta 
Gamma 

1 32 min 

G X 10-^' 

Radium D 

210 

82 

' Beta 
Gamma 

; 22 yr 

0 0128 

Radium E 

210 , 

84 

Beta 

Gamma 

4 9 da 

7 9 X 

Radium F (polonium) 
Radium G (uranium lead) 

210 

200 

84 

82 

Alpha 

' 140 da 

Stable 

0 000224 


Table S — The Actinium Series or Radioactive Elements 


Element 


I Equilibnum 

Atomic Atomic of Time of j^oimt 

■B eight Xo radiation , half decai , Grama 


Uranium Y (3% from ura- 
nium II) 

Protactimum 

Actmmm 

RBt>oactmium 
Actinium X 
Actinon. 

Actimum A 
Actinium B 

Actinium C 


Actinium C' (0 32%) 
Actinium C*" (99 68%; 

j^ctinium D (actinium 
lead) 


231 

90 

Beta 

Gamma 

24 0 da 

1 

231 

91 

Alpha 

, 32,000 yr 

227 

89 

Beta 

Gamma 

13 5 yr 

1 

227 

90 

Alpha 

18 9 da 

223 

88 

Alpha 

11 2 da 

219 

80 

Alpha 

3 92 sec 

215 

84 

Alpha 

0 002 sec 

211 

82 

Beta 

Gamma 

30 min 

211 

83 

Alpha 

Beta 

Gamma 

2 10 min 

211 

84 

, Alpha 

0 005 sec 

207 

81 

Beta 

Gamma 

4 76 min 

207 

82 


Stable 


0 00019 

0 62 
0 00025 

9 8 X 10"’ 

5 8 X 10"’ 

2 3 X lO"*’ 

1 14 X 10^‘ 
1 21 X 10"’ 

7 2 X 10"“ 


2 X 10"’' 

' 1 57 X 10"’' 
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Iricts of radioictiMtc hi\i 
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noted in sc i-w iter 

ri\cr w iters 

spring waters eolcinic rocks 

( irth 

iir, etc 

In fiet there ire \er\ 

fiw places where 

1 true of 

mho ictiMtx 

euinot he deinoiistrited 


\ minute (imutit\ is found lu orgamt tissues 
On account of the ndioicti\t content (usmllt ndou) of eertim 
intunl springs, tluse w itirs in\c iKtii (\tensi\ih achocated m the 
treatment of e inous chrome <Iistis(s Some of these ^\attrs are 
fiirh potent but as a matter of fict no ob\ious relation lias been 
(Umonstrated between the amount of ridon found and the potenc\ 
of the w itcr from the point of mcw of the spa treatnunt some of the 
most celebrated spas ha\ mg the lowest rtcortittl radon tonti nts 1 he 
radon contents of tliese iiaturil w iters range from 1 to 100 me per 
1 000 000 liters (Iho milhcune is the amount of ndou wlueh will 
produce the same gimma rat cITcet as I mg of radium lliese units 
will be discussed later Itis<\ident boweaer tint the actual imount 
of radon m the waters is \er\ small ) 

Radioactive Disintegration —1* icli of these radioutive senes repre- 
sents a definite fainiK rclitumship I \«.r\ member of each group is 
an element from the chcimcil point of Mew It has i definite atomic 
weight, and it reacts as an tleineiit to form compounds 1 ach cleinciit 
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preserves its identity as long as it lasts But at some time or other, 
e\ cry atom of any gi\en substance n'ill spontaneouslv disintemtc 
n-itli tile ennsMon of some type of radiation, and foim an atom of the 
next substance in the series It is impossible to predict hoiv Ion? a 
specified atom will exist as a given element, it mai- last onh a few 
seconds or it may cnduic foi millions of \ ears. 

aVo types of disintegration oceur ‘ In one, an alpha particle is 
ejected Since this particle is a helium nucleus, v ith an atomic weight 
of -f, the new product will have an atomic v eight 4 less than that of 
Its parent. In the helium nucleus arc two elections In older for the 
new atom to be electricalli neutral, two orbital electrons must be 
dropped at the same time Theiefoie the atomic number oftheneM 
substance \m 11 be 2 less than that of its parent In the other type of 
disintegration, a beta particle is ejected, and this is ahvais accoin- 
panied by gamma in\s. It is believed at the present time that the 
nucleus does not contain free electrons, but that the nuclear electrons 
are combined with protons to form neutrons. The emission of a beta 
particle implies the bieaking up of a neutron into its components and 
the ejection of the election. The beta paiticle ha\ mg practically no 
V eight, the new product has the same atomic weight as the parent 
Since no positn e charge is lost, it becomes necessai \ for the new atom to 
annex an orbital electron to maintain its electrical neutrality, hence it 
has an atomic number one greater than that of its parent These 
relations may be followed m the tables 

Radioactive Constants. —While it is unjiossible to jnedict the behaMoi 
of the individual atoms, it is possible to make some statistical studies 
on their Ines These statistical results beai the same lelation to the 
individual atoms that the lesults of moitahtN studies do to the lives 
of individual human beings 

In this way it has been found that the number of atoms of any radio- 
active substance which disintegrate in any gnen tune is always a 
fixed percentage of the number of atoms jjrcsent I'oi' example, in 
any pieparation of radon, IG.6 per cent of all the atoms present will 
have disintegrated at the end of tweut\-four horns, wliethcv the 
pieparation is new and relatively shong, or old and lelatively weak 
Another way of looking at the same fact is to state that for any ladio- 
active element it always takes a fixed time foi a given specimen to 
decay to one-half its value When it is one-half gone it wi avc 
another equal period to lediice this half to one-half of its \aue, oi 
one-fourth of the oiiginal, and so on Ihus the half P^no or la nun 
is 1590 ^ears, for radon 3 824 da,^s, and so on i lese 
pel tods aie, then, definitely chaiacteristic of the various elements 
The\ aie given m the tables, where it is seen that they A-ai J beti ee . 
verv small fraction of a second and several billion ,\ears As 
seen, the\ are definiteh lelated to other ladioactne cont. 

Instead of the half-^alue period, sometimes the ^ ^ 

sidered This is a factor which might be considered as analog 
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t!ie a\engc cxpcctnnc\ of life of a human being It represents *i 
statistical aaerage of all tbeliNCSof the atoms The method of finding 
its \nliic lm^ be illustrated aMth radon The amount of radiation 
emitted ba 1 me of radon during the first hour of its life inaa be repre- 
«M?ntcd ba 1 me -hr Vt the beginning of its second hour, it has lost 
approximatcK 1 per cent of its mitiol nctia ita , so that for this hour its 
radiation aaould be represmted bj 0 99 me -hr If this process be 
earned throughout the actiae hfc of 1 me of radon, it is found tlint 
the ‘ium of all these hourla radiations amounts to 133 me -hr 'Ibis is 
133 

cqvuaalcnt to « o5 mc-<K\s So \\c saa that the lueragc hfc 

of radon is 3 o daa s that is it gia ts out the •'an c amount of radiation 
as if it had this hfc at its full strength nistiad of a much longer one 
at a constantla detn ismg strtngth Ihe ratio hctaaccn the aacrage 

j 5 

life and the half a aluc period for radon is ^ go4 “ ^ same ratio 

IS found betaacen tlic«o constants for all radioaetiac elements, and it 
can be shoaa n matlicinaticalla tint this must be the c isc 

It maa be aacU at this time to call attention to common errors in 
the interpretation of the lialf-aaliie period nnd the aacrage life If 
one aalio is not familiar aaith the subject is told that the half-aalue 
period of radon is 3S24 daas, lit ina\ assume that tlio second half 
will disintegrate m anotlicr 3S2-1 daas so that at the end of about a 
aacek there aaill be none left Actiinlla after scaen daas there is still 
2811 per cent of the original amount of radon present Again the 
statement that tlie aacrage life of radon is 3 5 daas maa giac rise to 
the impression tfiat tins is tlic actual life of tlic aacrage radon prepara- 
tion, instead of l>cing iiicrcls a statistical ascrage for all the atoms m 
ana preparation 

The Gaseous Radioactive Elements — In each of the radioactiae senes 
there is one transformation product aihicb is gaseous These sub- 
stances aahen first identified aacre called “emanations ” Iloaacaer, due 
to the ease aaith which the terms emanation and radiation maj be 
confused and in \ieaa of the fact that these gases are elements and 
just as deseraing of indiaidual names as anj other members of the 
senes the International Committee on Chemical Elements in its 1923 
report adopted for them the names radon thoron and actmon, and 
these terms are now gcneralU used 

Radon IS the onlv one of an\ great practical importance, the others 
being too short h\ed to be reall> useful It is formed m the disinte- 
gration of radium An atom of this clement, a metal, spontaneousK 
breaks down to form atoms of tw-o gases radon and helium (the 
alpha particle) Radon is an inert gas a member of the group of 
so called noble ga-^es,” that is, it does not enter into anj chemical 
combination It has an atomic weight of 222 and a half period of 
3 824 days It is slightly soluble m water, and some attempt has 
been made to use these solutions in therapy, but with little success, 
5 
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since the radon is promptly eliminated through the lungs. In its 
disintegration it produces only alpha rajs, which are themselves of no 
practical importance. Its great value lies in the fact that it can be 
easily concentrated into a very small volume, there to produce its 
decay products, which are very active and give off penetrating radiations. 

Active Deposits.— In the early study of radioactive substances it 
was noted that whenever such materials were placed in a closed vessel, 
its walls gradually acquired a radioactivity of their own, most of vhicli 
disappeared rapidly when the radioactive material vas removed. 
This was called the active deposit. We now know that it consists of 
the disintegration products of the radioactive gases, which, being solids, 
settle on the walls of the container. The type of transformation for 
all three gases is the same The gas, chemically inert, is very radio- 
active. In the case of radon the transformation results in the forma- 


tion of radium A and helium (the alpha particle). 

Radioactive Eqmhbnum.— As has already been mentioned, enormous 
differences exist among the half-value periods of 'the elements of the 
series. Some are very long and some are extremely short, having no 
definite relation to the positions occupied in the series. It is, how- 
ever, no accident that the first members have by far the longest half- 
value periods The age of the earth is probably millions of millions 
of years, and anj^ element with a comparatively short life would have 
completely disintegrated in this length of time It is on account of 
the long life of uranium and thorium that radioactive substances still 
exist. The presence of short-lived members subsequent to the first is 
possible because they are being produced continually. In fact, they 
are being produced at the same rate at which they disintegrate, and 


consequently the amounts present remain in the same proportions, as 

long as the amount of the parent element remains practically unchanged. 

This statement can best be demonstrated by an example Consider 
1 gram of radium freshly piepared and free from its products of dis- 
integration Since its half-value period is long, it may be assumed 
that over a period of a few weeks or months it remains constant in 
amount. In 1 gram of radium there are about 3 X 10^* atoms. In 
one day about one-millionth of these, or 3 X 10'® atoms will disinte- 
grate to form radon As soon as some atoms of radon are formed, some o 
them will start to disintegrate at the rate characteristic for the elemen , 
one-half in 3 824 days, or 16 6 per cent of those present per aJ^ 
Hence, at the end of the first day, for every 1000 radon atoms orme , 
166 will have disintegrated, leaving a ba’ance of 834. Similar y a e 
end of each succeeding day, there will be a balance of 834 ra on a o 
for every 1000 produced during the day But the 
end of the first day will also have lost 16 6 per cent at een ° , 

second, leaving 697. Hence the net result at the en o 
day is 834 + 697, or 1531 for every 2000 ^^oms produced Tins 'S 
less than twice the number reraainmg at the end o . , 

If this process is continued, it will be found that a er 
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(about thirt\ cla\<5) the amount of ndon no longer increi'ses, for the 
numlxr of jhu radon atom<; formed is equal to the number uliich 
diMntcgrite in tlie «ame i>erin<l of time ^^hcn this stage is readied 
ndiuin and radon are «« ud to be in radioaclire eqml briinn The maM- 
imiin amount of radon \\hich can accumulate from a gi\cn quantit\ 
of radium is callcal tlie equilibrium amount lU analogous reasoning 
It ina\ Ik* shown that there is an equilibrium amount for ea<h member 
of a radio icti\e scries 1 he eeiuilibritim ainoimt of am radioacti\e 
siibst inia in relation to tarlu r iiHinlKrA of the scries is the ina\inumi 
amount which t in lie found in a gi\cn source Since the equilibrium 
amounts of uranium and rarlium are 2 010 000 grams and 1 gram and 
radium is found onh as a dismlegration preKluct in iiratmiin ores it 
IS eiident that the weight of ore required to produce I gram of radium 
must alwais be m excess of 2 010 000 grams Die equilibrium amounts 
and Imlfialut jicnoeis of the raelioaclue ckinents arc dircctls pro 
portional 

Activity or Radioactive Power — lU aetnitv is meant the mtensiti 
of the cleetric'il loni/ing or photogriphu ncti\it\ of the radiation 
from a rndioactiie sulistance compared with that from a standard 
substance— uranium or radium In a radioactive material m whidi 
nil the dements are in cquilihrium the same numher of atoms of cadi 
member disintegrate jicr sccoml I or each dement the intensitv of 
radiation omitted is proportional to the numher of atoms disintegrating 
per second If wt disregard the (iiergv dilTiremis hetween the differ- 
ent tv pcs of ravs we nia\ sav that when the siibstnnci is in equilibrium 
the s'ltnc intensits of radiation is produeeil h\ cadi member of the 
senes although tlie actual amounts of the various members present 
will he verv different Ihus a small amount of one substance mav 
produce approxiinatelv the snmc intensitv of radiition ns a mudi 
larger amount of another hence, per unit mass the first emits much 
larger cnergv than the second its oc/iri/y is jmidi Jnghtr Theactivitv 
or radioactive power of a given clement is invcrsdv proportional to 
the equilibrium amount or to tlie linlf-valuc period For example 
from r iblc 7 it is seen that tlic equilibrium amounts of radium and 

radon are 1 and 0 00b25 mg rcspcetivclv riierefore radon is _ 

U UUljJo 

= 1()1 000 times more active than radium 
Preeminence of Radium ~ 1 he uranium «:cries contains manj radio- 
activc elements of which radium is onlv one ^^hv js it then, that 
radium has been given so much prominence ■' \s a matter of fact it 
IS not because of its own merit hut that of itsdescendants Ithappens 
that the several members of the senes immcdiatdv following radium 
have short half value periods and so reach eqiulihnum rapidlv That 
is a short time after radium has lieen extracted, the equilibrium 
amounts of radon radium \, D and C will have been formed In a 
sealed preparation of radium these will remain enclosed with it and 
their radiations will be attributed to it 
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It IS evident from a consideration of the properties of the three types 
of rays that the alpha rays can never be of much use therapeutically. 
An.ything v'hicli can be stopped by a thin sheet of paper could never 
get be.yond the most superficial la.yer of tissue. Accordingly, it is only 
the beta and gamma rays which are of interest from that point of ^dew. 
A glance at the table shows that neither radium nor its immediate 
successor, radon, emits anything but alpha particles. If beta and 
gamma rays are required, the source will have to consist of radium B 
and C, which, as has just been said, exist in a container of radium 
which has come to equilibrium with its products. If instead of radium, 
the container has radon in equilibrium with its products, the radium B 
and C are there in exactly the same fashion and the same amounts, 
so the radiations from the two containers are identical. From this 
point of view, then, it makes no difference which is used The one 
practical difference is in the length of life of the two. As has been 
described above, a preparation of radium comes to equilibrium with 
its products m about a month. After that it loses strength ver^’^ slowl}", 
being reduced to half in 1590 .years. Radon, on the other hand, 
comes to equilibrium in about three and a half hours, and tlien pro- 
ceeds to decay at the rate of half m 3 824 days Thus a tube of radium 
is practically constant in strength, decreasing only about one-tliird 
of 1 per cent per year. Radon decreases at the rate of 26.6 per cent 
per day. 

Since the beta and gamma ra.y activity of either radium or radon is 
due to its decaj’’ products, tubes of the two, producing the same effects, 
may be considered radioactivel.v equal. The amount of ladon which 
is thus equivalent to 1 gram of radium is called I curie, the amount 
equivalent to 1 milligram is 1 millicurie, A gram of radium will produce 
166 me of radon dail.y, but the amount which was 166 me yesterday is 
onl.y 138 me, today, and will be 115 me tomorrow. Meanwhile, however, 
today’s and tomorrow’s supplies will have been collected, and at the 
end of a month there will be aA’ailable 1000 me , the equivalent of 


1 giam of radium. 

There are arguments for and against each in therapj^ not because 
of any difference in the radiations, for as has just been seen, tiese 
are identical With i adium the same quantity of material m the saine 
form is always available. No calculating to allow for decay or s leng 
of source is necessary Interstitial irradiation must be done y 
of I'emovable implants, whose strengths remain constant tiiougi 
the treatment A lost tube or needle is a serious matter J 

With radon, the same amount of radioactive mateiial is ’ 

witli the equivalent amount of radium, except for occasiona a ^ . j 

but it IS a much more flexible form. Tubes, applicators, oi P ‘ 
arrangements can leadilj^ be had in any desired stieng i „n,n]e 

sary to calculate for the day-b 5 '--day decrease, bu 
matter. Interstitial irradiation may be by either perm jj^j^jshing. 
able implants, in either case their strength is constantly diminishing 
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Loat ndon, fiiniicnlK, nicins onl\ the lo^s of the container, and 
<;mcc It Is pncticalK nni) 0 «:''il)lc to lost radium from a radon plant 
tlie insuranct hccomts ncphgihit It i"* gcncralls concc<lcd tlint uitli 
Oo gram or more of ruliiim, the use of radon is to be preferred, uitli 
less, the radon plant and its upkeep are too e\j>ensi\e 

^^lthout due considtration one might ask "^^h^ not arrange to 
take off the radon and U'e it but ha\c it arranged so that tlie radium 
ean al o l>c u«ed’’ A look at the disintegration tablt gi\cs the 
answer It is neither radium nor radon tliat is being used, but radium 
B and C If most of the radon is rtmo\cd from the ridium little 
radium B and C a\i 11 tie' clop tlicn., and consequentb there ^\lll 
not l>e a useful amount of beta or gamma radiation a\ailable m the 
radium container 

Other Useful Radioactive Substances — \lthongh radium and radon 
arc much moa iiidcb u'e<l than an\ other radioactiie substances 
mention ma\ lx? made of a few which find limited use Mtsothorium 
Is the most imiKirt uit of these Its rapid dtca\ (half jicriod (> 7 ^ ears) 
makes its jiroduction actiinlK more difiiciilt than that of radium hut 
a limited amount has hetn prtxliietd as n !>\-pro<Inct in the thorium 
imlustn I or 3 i3 \ cars after its preparation the giinma n^ actniti 
of the im othormm {ircpantion mertasts, and then it fall- gruliialh 
at ten \t ir>. attaining a \ due eqii il to that which it had a week after 
Its jirepariUun 1 his conipheate*d <lce i' funclion (due to the h\ cs of 
its dec ii products) in ikcs it important to keep ace urate record of its 
\ar\mg streiigtli Cotnmeraal inesothorium owes 20 to 2o per eent 
of Its aetiMte to the pre-enec of radium which is isotopic with ami 
iii-cpmhlo from it It has lictn cinploicd more e\tcnsi\cK in 
I uropc tlian in \mcrica It is extractcel onI\ as a b\ product in the 
preparation of thorium, it would not pae to refine e\cn \tr\ rich 
thorium ore simplv for the mcsothoriuin ith the decreasing com- 
lutrcnl dcmiiul for thorium the supple of inesothorium is therefore 
hecoming smaller 

Ihoriuin \ preparations, with a h df period of 3G1 da\s which is 
ihout the sinit as that of radon liaec found some use m the treatment 
of di«ta-c In dennatologv thc\ haee been used mosth m liquid 
form for the treatment of tel ingicctasia and 'some of the inflammations 
such as cc 2 eina and psoriasis with some success Ilowcier the 
method Is m the experimental stage it is not free of danger reported 
successes ha\e not been adequateK corroborated and the method has 
not been popular nor has it been u«ed to an\ extent m this countn 
Thoron has such a short deeax period that it cannot be separated from 
thorium \ and used as is radon 

It was the dream of tlic ancient alchemists to transform ordinari 
metals into gold Recent dexelopments in nuclear phxsics indicate 
the partial fulfillment of this dream It is now possible to transform 
ordinarx metals into new substances bj the utilization of the atomic 
energj, Rutherford in 1919 bombarded atoms of nitrogen with alpha 
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jjarticles (alpha rays of radium). Some of the atoms of niWen 
broke down causmg them to eject protons. With the development of 
supervoltage machines (cyclotrons) it is possible to utilize greater 
energies than can be obtained from alpha particles. Thus it is pos- 
sible now to bombard atoms of high atomic weights with greater 
energies Thus radioactivity can be artificially imparted to practically 
all metals. 


A short summary of the terms used m nuclear ph}'sics may Jielp 
to understand this process better An atom is made up of a nucleus 
which is positii'el}' charged and which makes up the greater mass of 
the atom. Each atom also contains electrons which carry a negative 
charge totally equalizing the positive charge of the nucleus Thus 
an atom is really a complicated structure and each atom is distin- 
guished fioni another by (1) atomic weight or the number proportional 
to the mass of the atom, (2) the atomic number or the number of unit 
positive charges carried bj’’ the nucleus. An atom of hydrogen has 
one election and the nucleus carries one unit of positive charge. An 
atom of helium has 2 electrons and the nucleus has 2 units of positive 
charge An atom of mercury has 80 electrons and the nucleus has 
80 units of positive cliarge. In chemistry the different elements are 
expressed in sjunbols, thus, hydrogen isH, helium is He, and mercury 
is Hg. In modern nuclear physics isotopes of an element are expressed 
with their atomic weights and atomic numbers. The sjunbol iH‘ 
represents ordinary hydrogen, represents heavy hydrogen, Jle^ 
represents helium or an alpha particle, soHg^'* represents mercury. 

An isotope is an element with 2 kinds of atoms of different atomic 
iveights, but with the same chemical properties The atomic number 
of an element is alwaj’^s the same, but the mass of different atoms m 
an element may differ~the mass number may be greater or sraallei 
than the atomic weight. Isobars are elements with the same mass 


number but different atomic numbers. 

A neutron is a particle of mass number 1, but without electiic 
charge. The}^ aie formed by the bombaidment of metals with alpha 
ra 5 's from some radioactive substance Large quantities are emitte 
as products of nuclear disintegration processes when targets are bom- 
barded by high speed protons, deutrons (hea\'y hydrogen) and 
particles Since they have no charge they do not lose energy } 
ionization and therefore are highly penetrating. ^ As lead is e es 
means of stopping gamma ray, so materials high in lijmrogen con en 
such as water or paraffin wax containing borax, are the best 
stopping neutrons Neutrons produce radioactive produc s in 
substances These substances remain unaltered cheinically , , 
imparted to them by interaction with neutrons artificial ^admacti J . 
Each substance has a different decay period. 

emits beta and gamma rays and has a period 

Radiophosphorus (isP*^) emits only beta rays wi a i g 

of 14 3 days Radiocalcium (»Ca<=) emits beta and gamma rays 



^ith a InlMec u period of ISO da\s lliC'-e arc just a few examples 
of tlic artificial radio icti\ c elements and the duration of their actn it\ 
These artificial radioisotopes arc important bccm«;c thc\ supplement 
naturil rulioacti\e substanc*cs, thex can be produced at lower cost 
thex can be u^^ed as indicators or traces, thex can be injected or in- 
pestial uul exert their therajieutic effect on the indix idual pathologic 
call I he realm of usefulm‘s-> of these substances xxill increase as the 
suppU increases and \s the biologic experiments increase 
Huiuau subjeKits hue beH-n trcitc<i with neutrons Ihc reactions 
on till skin uul on tuiiiors of xarious txpes are similar to x-raxs 
Ihc irxtlumatogeme profwrtics of neutrons and x-raxs are compar- 
ibli Lp to the present the treatments and the results arc in the 
cxiKriimntal stage ireitments with nrtificiillx radioactixated sub- 
st nuts h ue Ix'en gixcn to a limited mmibcr of patients At present 
It u uujxo'vsible to ex \Untc the therapeutic effects Hoxxexer, it cm 
be Slid tlu re^sults tbus far are eneoiiriging and peril ips a new era in 
laiKxr tluripx with artihcnl ridioictixe subst inces is about to be 
launilied Ihc subject of nuclear phxsics and its luc in medicine 
is fisciniting and tbov. who are interested are referred to 'tpecial 
irtieles V few of these are listed in the lubhographx 
1‘rotection for all cxpo'Cil to radioisotope and neutron radiations 
Is cssenti il V comlun Uion of protcctn c dex ices is iieccssarj around 
a cxclolron lluck lead is neccssarx for protection against x-raxs 
and giinnii rus which accompanx the bombardment processes in a 
cxelotron 1 or iirotcctiou against the neutrons lead is not adequate 
Ikciusc neutrons go right through leid Neutron raxs arc stopped 
Is I risiilt of direct miclc ir collisioiu llic best protection is water or 
pirifim wax containing bonx llust substances contain large 
unounts of bxdrogcn Protection against rus from ridioisotopes is 
the s unt as th it of radium 

RADON 

Uadon or radium emanation is a g is obtained from a radium salt 
It Is an clement of atomic xxeight 222 belonging to the familx of rare 
guis ui<l possessing radioactixitx With a suitable emanation plant, 
radon is collected m capillarx tubes and hermetic ilK sealed The 

origin il supplx of radium salt is prestrxed practicdlx intact The 

g is collected contains m addition to rulon hxdrogen oxxgcn helium 
uul carbon dioxide but these ire reinoxed 
^^heIl a radium salt is heated or ridiuin chloride in diluted h>dro 
tliloric acid is allowed to stand for a tune and then boiled, a gas is 
driien off ind is collected in tubes This gis is found to be stronglj 
radioactixc lor the first 5 hours after collection the ndioacti\it> 
increases to a maximum Thereafter the radioactixitx decreases at 
the rate of about IG per cent per dax Bj the end of the fourth daj 
the actixitx IS slightlx less than 50 per cent and its acti\it> b\ the 
end of the month has almost disappeared The half-decax x alue of 



76 RADIOACTIVE ELEMENTS AND THEIR RADIATIONS 

radon is 3.83 days coinpaied to the lialf period of radium which is 
about 1690 years. It follows that the radioactivity of a radium salt 
does not vary from day da 3 ^ For therapeutic purposes the total 
radiation emitted by 1 millicurie of radon i.s equivalent to 1 milligram 
of radium acting for 133 hours It is well to empliasize again that 
after equilibrium has been established radon emits alpha, beta and 
gamma rays. 

It is important to emphasize this because there have been some 
articles published pertaining to ladon ointment It is claimed that 
only alpha rays are emitted from this ointment a)]d that it is valuable 
in the treatment of many superficial and deep lesions of the skin, 
muscles, nerves, etc. It has been claimed that radon ointment is 
particularly valuable for the treatment of radiation necrosis and 
other types of radiodermatitis. We have experimented with radon 
ointment and have studied the literature carefull 3 ^ We cannot cor- 
roborate the therapeutic claims made for radon ointment. In fact, 
it is our opinion that some cases of radiation necrosis could be made 
worse by the application of any agent containing a radioactive sub- 
stance We theicfore do not recommend its use. 
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lnnti nrc tuo pcncri! methods of iisinj; rulioictnc •'ubstantts 
winch nn\ ht dc^criljcd n-' t\t<riul 'iml il In the former tlit 

ndionctn c iinternl is cont'mie<l in nn 'ipplic itor w Inch is phetd cither 
on tlie snrficc of the bod\ or nt Mnne little ^il^t^Ilce from it in the lat- 
ter, it IS m needles or other cont uners for direct implant ition into the 
tissues or bod\ ca^ itics Ihc two nietho<ls <lo not require completcK 
«cpmte '‘cts of appliances the needles or tubes u cd for interstitial 
irradiation can aKo Ikj place<I in e'ontnincrs ind u^cd c\tcrnall\ 

Since the lieta ra\s can fKnctraie onl\ a few millimeters into tis&ue 
their onl\ field of i^cfulncss is in the treatnu nt of c\tr( inch superficial 
lesions In n preparation of radium or ridon m equilibrium with its 
products, the amount of cnerR\ deintrtd in the form of beta rt\s is 
man\ times th it dclncreal in the form of gamma ra\s llicrefore in 
treating an\ condition whidi extends (o a depth of more than n few 
millimeters, it is desirable to eliminate most of the beta ra\s Other- 
wise the\ would he absorbed m this sujicrficnl h\cr and produce 
great daimge tlierc before enough gamma radi ition had been de!i\ereil 
to the deeper las ers to produce the tlTce t desired 

XccortlingU, the method of application to be usctl depends on the 
thickness and location of the lesion to lie treated Tor extremeK 
superficial conditions, it is well to use ns much beta radiation as can 
be made a^allable lor tlio'K; slightK thicker but still superficial 
the ^cr^ softest beti ^a^s should In remoxed h\ a light filter (1 mm 
Al or 0 d min hr iss) • « Ink for nii\ thing more th in 3 or 4 mm thick 
It Is adxisable to use a filter hiiw enough to gi\e dmost cntireK 
gamma radiation (2 mm briss or 0 > mm I’t) \lso is the depth 
of the tissue to he innnenccil mcrca'-cs the distinee of the radium 
source from the skin shotikl be incrcaswl in accorilance with the 
principle discusssd m the chapter on Dosage Measurements 

RADIUM ELEMENT CONTAINERS 

Permanent radium applicators art supplied b\ the commercial 
companies in \arious forms — needles small cells, glass or metal tubes, 
and flat applicators Ihc content is a radium salt usualh the sulfate, 

• In tho last edition tins chapter stas revised b> Dr Edith II Quimbi Some of the 
matmal added by Dr Quimbj has been retained m this edition 
For a discussion of filtration see Chapter t III 
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but the strength is al\va\s specified in terms of tlie amount of radium 
clei,ie7ii present, as certified by the United States Bureau of Standards, 
or some other responsible organization 
Plaques.— The term plaque has been applied to two entirely different 
sorts of applicator:^ (1) A fiat applicator, used almost entirely in 
dermatology, in which a large proportion of the beta rays can be 
utilized for superficial tlierapy; and (2) a small box into w'hich tubes 
or needles can be placed; this is also for superficial therapy, but, in 
general, the beta rays are eliminated by metal screening 

Plaques of the type first mentioned used to be available in three 
forms, ^^e understand that the glazed and varnished plaques are no 
longer manufactured, (a) Glazed plaque.f, in which the radioactive 
material has been mixed w ith enamel and applied to a metal surface, 
usually silvei. The radium is thus very near the active surface, and a 
large proportion of the beta rays are available, (b) Varnished plaques, 
in which the radium is adherent to a silver support, and covered witli a 
coating of varnish or vulcanite, (c) All-metal plaques, in w'hich the 
radium on its silver backing is covered by a very thin (0 05 nun.) layer 
of monel metal. All of these plaques have serious mechanical draw- 
backs They are fragile; it is difficult to coastruct containers w'hich are 
sturdy, and at the same time provide the requisite light filtration It is 
almost Impossible to obtain thin layers of the material used of fixed and 
uniform thickness, so that the filtration is variable. It is difficult to 
obtain perfect tightness; if there is a crack or leak, radon escapes and 
the plaque loses strength. (It is necessary for the radium to be in 
equilibrium with its products in order for the applicator to have its 
maximum strength. See Chapter VI.) Enamel plaques may crack 
under the action of the radium they contain, and varnished plaqu^ 
deteriorate rapidly wdth handling. Metal plaques may bulge, w'lth 
consequent loss of contact with the lesion under treatment. Ownng 
to slight differences in the thickness of the covering material, or o 
the radium-containing layer, the activity at the surfaces ^ plaques 
which are ostensibly the same may vary considerably There ore, 
every dermatologist must establish experimentally the skin dose or 

such plaques as he uses.^ j • j +1. 

In spite of all these drawbacks, plaques are much used in P 

ogy. They are obtainable in a variety of shapes and sizes, n^ e 
three strengths are recognized: half strength, contemmg o 
radium per square centimeter of active surface; full 
per sq tm , and double strength, 10 mg. per sq- cm. a e 


' hu'h itaadardizaoon is best done by detennming , , j bg below tbat 
dose lor each plaque It is wise to stait the tests wit a individuals should be 

which wih produce a reaction, and work up gradua % ^bibty to radiation 

used loi the tests since there is some personal variation i - gj combina- 

The do.e must be determined for the un^t^red Plaque and ^^istances 
tion which 1= to be used It is best W determine the dose for carious 



RADIUM ELEMESl CO\TAI\FRS 


79 


the relnti\c si7«.5 nnd ndium contents of t!)e«e three t\pes Photo- 
graphs of some of tlicin art shown ni I ig 31, together with a detachable 
handle for them 
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These ph(juts imN he proMded with sereeiis to remove part or all 
of the bet i nv s Since the qualitv of the radi ition (relativ e percentage 
of beta ind gamma ra\s) varies from one applicator to another, the 
result to be expected bv the addition of a given screen in anv case is 
not specific unless sufficient filter is added to remove all the beta 
ravs inmelv 2 mm of brass or its equivalent It is probable that the 
use of a varietv of intermediate screens is of no real advantage One 
thin aluminum screen (0 1 to 0 2 ram) for removing the verv soft 
ravs and one of 2 mm of brass to provide a gamma rav source should 
be sufficient 

Needles —Needles mav either be used in interstitial tlierapv or 
enclosed m other containers and used external!) The construction 
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of the needle is shown in Fig. 32. The body is a 
fine hollow tube in which the radium is placed, tlie 
point IS then scle^\ed on and soldeied in place 
Usually the radium is not put dneetly into the 
needle, but into a cell ^^hlch fits into it. Foimerly 
in America, monel metal and steel needles were 
common, but now, both in this country and in 
Euiope, platnum is most widely used The total 
platinum, including inner cell and needle walls, is 
about 0 5 mm , which is sufficient to absoib all the 
beta ra^'s A needle should be as fine as possible 
wnthout being too fragile In general it has been 
found that with walls of 0 5 mm platinum, an 
internal diameter of O.C mm , or an overall diameter 
of 1 6 mm , is most satisfactory The length of the 
needle depends on the length of the eye, the point, 
and the radium chamber The eye should be abou 
5 mm long to ensure added strength, the tota 
I length of the point, including the actual point and 

Fig 31 — Glazed and metal plaques, and a detachable handle 

justable locking-screw joint (Courtesy of Dr H j ^ Chemical Company, 

du Haut Katanga, Brussels, through its distributor, the Radium Chemical oomp 

Inc , New York ) 
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the «cre\\ portion, about G 5 intn Ilcncc ihe total length of the needle is 
aftout II ^ mm more than that of the actual radium-beanng portion, n fact 
«hicli la often lo^t ■siplit of Die leiiRtb of the ndium clmmber nn\ 
l>c ulatcNcr la ilc'ircd If it 1*5 inon tluin 2o inni it is nii\isablc to 
ln\c the nchiiin in t\\o or more ctlls, to msiirc rtasomliK uniform 
(Ihtribiition’of the mduim source m the container 
SoriK ndiolopists prcfir to Inxe all tluir riditim in such rcino\abIe 
ctlb U''inll\ \(r\ snnll and of simll ndium content (1 or J inp each) 
\\liicli can lie iiiscrtwl into sIr ith uce<nc5 or other containers at ^\ill 
ilir\ find this a ^c^\ fiixiblt aiulfsatisfactorx arrangeincnt 
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Fio 32 —DnerAmi of radium / totallcncth of needte /? lonsth of radium 

ehamWr C lcnffthofc)o V icncth of point F lonsth of ren w F citorna) diameter 
t internal diameter (Courtesj of the tnion Minure «lu Ilaiit Katanga Uru 
ihtouKh lit di«tnlaitor the Radium Cheimcal Coropm^ tne Sea^oth) 

Tabes —I ormcrit it uaa customnr\ to siipplt ndium in glass tubes 
tthich could be inserted into \anous metal sluclds U present the 
constnietion of tubes is esstntialK tlie same ns tliat of needles— an 
inner cell of thin platinum in a thicker platinum tube uith ends 
hcaticr than the side walls Total filtration of 0 3 or I mm of plati- 
num IS emplotcd in tlic tube witli the possibihtx of adding screens 
to tills if dc'sired rrcqucntK one end of the tube is furnished with 
*10 etc Its diameter and length dcp<n<l on the radium content and 
the desire of the purchaser \t present tulies of 25 mg or less arc 
more genoralK used than those of greater radium content since 
greater flexibilit\ is obtained ba ha\ing numerous moderateh weak 
sources than a few strong ones 

It has alread\ been mentioned that the total length of a radium 
needle i-, considcrabK more than that of the radium bearing portion 
I his IS also true of most radium tubes In this case the inactne 
region ma\ not he approximatcK the same at both ends but definiteh 
longer at the e\e ciul This fact must not be o\erlooked when su 9 h 
sources are applied in therap\ If it is lost sight of the regionjof 
maximum acti\it\ ma\ he some millimeters from the point where it is 
supposed to be 
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RADON CONTAINERS, 


Tubes,— As mentioned in Chapter VI, the radon may be removed 
rom the purifying apparatus in glass or gold capillary tubes of any 

desired strength. In general, if the 
sources arc not to be used as im- 
plants, they are in the form of glass 
capillary tubes, about 14 mm, long 
and 0,5 mm, in diameter, which are to 
be put into metal jackets. At the 
time of preparation, these tubes con- 
tain from 50 to 300 me. of radon; since 
they lose activity as discussed prev- 
iously, a working radon laboratory will 
have available tubes of a wide range 
of strengths. The jackets customarily 
used are of an alloy of gold and plati- 
num, have a wall thickness of 0,5 mm., 
an overall diameter of 1.6 mm., and a 
length of 16 mm. The use of such 
ladon tubes is exactly the same as 

that of radium tubes. 

Seeds. -For interstitial n radiation, 
very tiny glass tubes, containing about 
I me of radon, were formerly used. 
Since these delivered a high percentage 

of beta rays, considerable necrosis was 

always produced about them 
glass “seeds” have now J^een praeP 
illy abandoned in favor of a«ids made 
of fine gold capillary tubing, ihese 
™ about 4 mm, long. L- ^ ™ 
thickness of 0.3 mm., f " ^4" , 

diameterof0 76mm. ( , .jji 

a trocar for i^^seitmg centi- 

tissue are shown m F g, jvesan idea 

meter scale in the f differ- 

of their actual 

ent shapes and leng onmetimes de- 
Removable s«ds »» 
sired, to be use ™ j (his ease 
iToEer'in glass seeds 





ArriKAioii^ whAUMiiArj) Ariiiwcts ST 

wlucli ar( pnl nito tun platiiiuin jnckus llic^c nre unert(“(l uitli 
trocar uwilo" '\<5 '\rc the pohl vcttls and hter withdrawn h\ au at- 
taclicfl threail or wire 

Needles —If it n de^inHl to mm rtino\nhlc needier; the pold capillar\ 
tuhinc contniuni: tlu rulon ina\ lie <iit to am (haired leiipth and 
pheed iti ‘’t«‘oI ''heatli hrinpinp tlie total filtration to tlic 

cqunalont of 0 T nun of pi itimim Uitli tliOM ‘tluatln a\nilal)le in 
a \ariot\ of Irnptln it n fw^sihh to luidhs of tli( most ‘^atn 
faotor\ lenptli ind strrnctli for am pi\<n legion 



Fig TJ —Tj'picnt radiuin or radon npplirntorii (Courtesj of Union Minitro du limit 
Katmea Ilni els through its di tnbulor the Radium Chnmiral Companj Inc 
New ^ork I 


APPLICATORS AND AUXILIARY APPLIANCES 

^ntainers —lor catcrnnl irradiation radium needles or ndiiiin or 
radon tubes nn^ he placid in a \anct\ of containers of which sanijiles 
are shown in Tip i4 1 lie t\pe of applicator to he used in an\ partuu- 
Kr case depends on the size of the lesion and the dcptli to winch it is 
desired to delixer an cfTccticc dose T.liese questions will be disciis-'ed 
•n subsequent chapters 

In the ca<5e of lesions on irregularh shaped surfaces such as the lip 
or ear it is often most con\ enient to make a mould of the part of some 
pi istic material, embed the radium or radon tubes therein and use 
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Distance Blocks.— When the applicator is to be used at a distance 
of 0 5 cm. or more, it is essential for satisfactory dosage that this 
distance be accurately known. An uncertainty of 1 mm in the dis- 
tance, for a small plaque supposedly at 1 cm. from the skin, means 
an uncertainty of about 15 per cent m the amount of radiation reaching 
the skin In order to know the distance accuiately, it is necessary 
that the material used for the supporting block be rigid. The use of 
such compressible substances as gauze, or of such deformable ones as 
wax, is to be discouraged Balsa wood is a very satisfactory substance 
for the purpose Blocks can be readily cut to the desired size, and used 
repeatedly. They should, however, be discarded when they show signs 
of wear. 

Stenlization of Radium and Radon Tubes and Needles.— Radium and 
radon tubes, seeds and needles can be sterilized by boiling, unless 
thej’^ are encased in some substance which might be corroded by water 
(e g., silver). They should not be subjected to dry heat. They can, 
of course, be sterilized bj' immersion in alcohol. Needles should, as a 
matter of routine, be cleansed with benzine or ether upon removal 
from the tissues, then rinsed in alcohol, and coated with sterile oil All 
screens and special containers should be kept scrupulously clean 

PROTECTION. 

The whole subject of protection in relation to .a-rays and radium is 
discussed in Chapter XIV. However, it maj' be well to make some 
particular suggestion at this time with respect to the handling of 



Fig 38 —Illustrating liea^^j" metallic screening block, shon-ing depression cut on one 
surface This depression must be slightly larger than the applicator and deep 
so that the applicator, nith its thickest screen, uill be slightly belon the surface 
block -nhen placed in position A purse-string suture (heai-y cord or silk threa ) 
arranged as shown (Dr H Cameron ) 


radium or radon The first rule in this matter is that no plme, tube 
or needle containing radium or radon should ever he han e 
fingers. Forceps should always be used, even for 
of very weak sources. Greater care is necessary wit e a ^ , 

cators than with heavily screened sources, because o .. 
greater intensity of the radiation and its greater absorbability in 



PROTECTION 


S7 


saperficnl tissues For plaques, itn easiK ntljiistible Inndle 'jIiouH 
he n\'ii!ahle If it is not, or »f, for other rc'i^'on the phque is to be 



J9 — Tlim njbbor shoctmi? cut to ai*o is now pl-icid o\cr the opcninR anti the 
appllcato^ plated face downward in the clepreaaion H> pullmc on ends ol suture the 
rubber sheotmR is puchered on hack of applicator The csccss ruhljcr is now cut aw aj 
pcrmittin? howcNcr tin Ioor ends of the slnni: to remain ns in I ir 40 (Hr U II 
(■ amenin ) 




ha -41 — IlJustrafins the manner of (iTins adhe nc plaster to hack of applicator bj 
tying in place with ends of suture u cd to pucker the rubber shnetmg (Dr II 
Cameron ) 


u-jcd m some other manner, some such sclieme should be used as is 
sho^^nmFlps 38 39 40 and 41 When a plaque i6 to be used with a 
distance block the block should be carefulh adjusted to the patient 
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and then the plaque quiekly attached to it Needles, while being 
threaded, should either be held in grasping forceps, or, preferably, 
placed in a frame which exposes onlj' the eyes A convenient frame 
for this purpose, which can also be used to hold needles and threads 
during sterilization, is shown in Fig. 42 



Fig 42 — Stenhzmg rack for (Courtesy of the 

Katanga, Brussels, through its distributor, the Radi im 
New York ) 


Various tjqies of forceps, either pick-up or with 
locks, for handling different tjqies of containers appheat ^ 

readily obtainable. If a nurse or technician is ^ should 

few minutes daily handling radium preparations, lea 
be provided for her protection Jbe size and thickn^^^^^^ 

be determined by the amount of Inches it to be preferred, 

lead is necessary for reasonable protectio , xiV. 

Further data along these lines will e remain m the room 

In general, the nurse or technician and should never 

mth the patient after the radium has f P' performed 

hold it in place If such service is necessary, ^‘^(■“'‘‘jjVLer, it is 
by the patient himself, or by a member , , i ,\eld in place by 
seldom that an applicator cannot be satisfactoril, 

mechanical means. 
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LOSS OF RADIUM OR RADON 

Lo^s of r uloii is not import mt from a fiinncnl point of \ it« since 
its \alue, iisulc from tint of the container, is siinll I oss of rulium, 
on the other hand is cxtrcmch serious, ami all possible precautions 
should be taken to prcMiit it Ilmitiiie die eking and rechetking of 
the ino\cinents of the radium should be made b\ rcspoiisiblt persons 
Patients ha\ing ratliurn applicil should Iv cIoseI\ suiierM'^td No 
dressings from a radium pitieiit should be tliroun auin until the 
routine cheek up shows c^cr\ thing in place 
If, in spite of precautions, ra<Uuin sliould he uii"Sing and not mime*- 
diateli loc-itcd, no time should l»e lost in communicating with one of 
the commercial companies, a hospit d plusicist, or the plnsics depirt- 
ment of a college or uniicrsita lhe‘=c institutions liaae ipparatus 
which can be used to determine the presence of esen a small amount 
of radioactiac material m a large \oIuine of trash or ashes But it 
must be remembered tint the sooner the search is started, the greater 
the likelihood of finding the lost article It is adaisablc to bo insured 
against the loss or theft of radium 
Radium and Radon Dosage —In the treatment of supcrfienl angi 
omas, keratoses and sujicrficid basal-cell epitheliomas and other 
lesions the dermatologist often cmploas a half-strength radium plaque 
with little or no filtration He utilizes iiiostU beta rajs of radium 
-is ^et there is no practical and satisfactorN plnsical method of measur- 
ing beta radiation dosage Dosage is based mosth upon biologic 
ineasurcincntb llie method most common)^ u«cd is the cr\thema 
dose It has been stated that each plaque has to be tested for the 
erjthcma dose, so tint for aarious diseases, fractions or multiples of 
an er\ thema dose of beta ra\ s of radium are used 

In gamma raN therap\ the stor\ is quite different because dos ige 
can be lecuritcK measured m plusical units Ihe unit of measure- 
ment is the roentgen or better the gamma ra\ roentgen An cr\ their v 
dose with gamma ra>s is cqunalcnt to 1000 r One milligrim of 
radium at a distance of I cm filtered through 0 5 mm Pt in 1 hour 
w ill deh\ er 8 5 r itli these simple factors it is cas\ to com ert 
pliNsical measures into er\ thema effects 
It IS well to emphasize again that the gamma ra\ icti\ ita is the saire 
with radium as it is with radon pro\idcd that the milligrams or the 
millicuncs are the same and all other factors such as distance filter 
and time are equal Allowances for ndioactne deca^ for radon ha\e 
to be made A filter of 2 mm brass or 0 5 mm Pt remo\cs all the 
beta ra^s Further filtration changes the output but docs not alter 
the quahtj to an appreciable extent Dosages expressed m milligrim 
or millicurie hours are incomplete Other conditions of treatment, 
such as distance and filter are important The distribution of the 
radium or radon in the containers and the shape of the containers also 
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influence dosage Paterson and Parker have published charts and 
tables which are generally applicable in surface, as well as interstitial, 
irradiation. The reader is advised to study these articles 
The practical method of interstitial irradiation is by means of radon 
implants which are left within the tissues permanently. It is obvious 
that the tissues in direct contact with seeds receive larger doses than 
tissues removed from the radiation source In attempting to equalize 
the dose in a mass of tissue, the seeds should be applied not more than 
1 cm. from each other. For large flat masses seeds are placed in planes. 
The distance between planes and needles is between 1 and 1.5 cm. 
The margins of the mass should have a series of seeds running at right 
angles to the planes. The edges of the lesions should be well covered 
by the radiation source. Naturally the shape of the lesion will de- 
termine the distribution of the seeds. For a volume of 2 cu. cm., 80 
millicurie hours are required to deliver 1000 r For different dosages 
and for different volumes of tissues to be irradiated the reader is 
referred to the Paterson and Parker charts. Details of treatments 
of skin diseases with .r-rays, radium or radon will be discussed in the 
practical chapters of this book 
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Vlthou n lliL methods of production of x ri\s lud nduun ra\s tvre 
so (lifTertiit, the actinl ntliitions iufl\ well be studied together, for 
the\ nil po>-.css certain propertiea in coininon, and the\ nn\ all be 
detected and controllctl in simihr \\n\s 

llic^c ndntions nmiufest thcinsehcs m a number of phenomena, 
mdndmg the production of fluorescence in certain substances, the 
ilarkcning of photognplnc film, the effecting of other chemical changes 
and tlie generation of heat m am substance bombarded b\ them. 
Most important and probablx fiindnincntnl to all other effects, is the 
production of ionization— tlie separating of molecules or atoms into 
posituelx md negatueU charged particles \\\ of these effects are 
interesting and pricticalb oil of tliein have been in ide use of m one 
ua\ or another to measure the intcnsitx of tlic radiations The more 
important of these methods of measurement will be described in later 
chipters Diological changes, which are tlie basis of all radiation 
ther\p\ xloubtlcss result from chcmicil changes produced in the 
!i\ing cells, tlicsc chemical changes m turn are probablx the result 
of the disturbances of electrical balances 

Anx change produced in matter must be the result of some expendi 
ture of energj upon it Tlie cnergx to produce changes attributed to 
radiation must be in some wa> absorb^ from the ra\s during their 
passage through matter Matter, exen in the solid state, must be 
conccixcd of ns consisting of atomic nuclei xxith their orbital electrons, 
and interatoinie or intermolecular spaces In exen xerx dense matter 
tliere is actuaUs considerabK more space than substance The manner 
in winch different txpes of radiations traxerse matter, and gixe up to it 
some of their energx, maj be xisualized as follows Alpha particles 
being rclatixelx heaxx and traxding xxith great speed, xxill plow fairlj 
straight paths through matter If electrons arc m their wax , these w ill 
be knocked aside Iloxxexcr, at each collision witli an electron, some 
of the energx of the alpha particle will be transferred to the electron 
so that finalK the particle will be slowed down to a speed similar to 
that of the atoms of the material it is traxersing It will, of course 
occasionalK happen tint an alpha particle collides squarelx with 
another atomic nucleus Such a blow max result in the actual break 
mg up of the nucleus w Inch means artiflcial disintegration Inx estiga- 
tions of this phenomena are among the most fascinating in modern 

• In the last edition this chapter was resi ed b> Dr Edith H Quimb\ Some of the 
material added b> Dr Quimby has been retained in thw edition 
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physics. Since hoAvever, sucli results aie produced by only one alpha 
particle in several million, they may be ignored as far as any practical 
consideration is concerned. The knocking away of orbital electrons 
does not, of course, constitute an atomic transformation, but simply 
ionization ^Ihc removal of one or more orbital electrons leaves the 
atom with a net positive charge— it is a positive ion. The electron 
which has been removed, either alone or together with a neutral 
particle to which it may have attached itself, is the negative ion 
While the atoms are in this abnormal condition, various reactions may 
take place which would not occur under normal conditions Unless 
the ions are artificially maintained in their charged condition, however, 
they quickl}^ leunite with others of opposite electrical charge, so that 
neutral atoms again result. 

The passage of a beta paiticle through matter is similar to that of 
an alpha particle. However, since the mass is so much less, the path 
will not be so direct. Whereas when an alpha particle collides with 
an electron it simply knocks it aside, a beta particle, being identical 
m mass with the electron, will be deflected from its own path by such 
an encountei. While following a very tortuous route, it will ionize 
atoms along its path by removing some of their electrons. Although 
its path IS not so straight as that of the alpha particle, it is much 
longer, because of the greater initial velocity of the beta ray 

C, T. II Wilson has devised a very ingenious method for making 


visible the actual paths of alpha and beta ra^^s through matter. This 
depends on the fact that any ion jiresent m air supersaturated with 
water vapor attracts water molecules to itself, causing them to con- 
dense as a fog particle In the Wilson apparatus the passage of an 
ionizing paiticle can be followed by fog trails pioduced in the super- 
saturated air Photographs of alpha and beta-raj' tracks are shown 
in Fig 43 The alpha ray tracks are very straight and very dense, 
showing the great number of ions pioduced as the particle plows its 
way through the gas The beta-ray paths are very crooked and much 
fainter, showing the production of fewer ions, and the great ease with 
which the beta particles are deflected from their paths ^ 

It is thus fairly easy to visualize the patlis of alpha and beta 
particles through matter, and the manner in which they gradually 
lose energy. For gamma rays it is not so simple The mechanism m 
the transfer of energy between these electromagnetic radiaticms and 
matter is very complicated and mcompletelj^ understood. This is 
especially true if the radiations are considered as waves 
they are regarded as photons, or particles of energy, the dimcu y is 
not so great Instead of thinking of waves sent out uniiorm y in a 
directions, they are to be conceived of as great numbers o ® 

units, emitted, as are the other types of paiticle radiation, ° 

in all directions Because of their great number, ^ ° 

radiation is effectively the same in all directions. These Photons ah 
travel with the same speed (that of light), but they posse 





Flo 43 — jUon cloud chamber photographs of zUpha and beta ray tracks (Rutber 
ford Chadmck and Ellis Radiations From Radloacti^e Substances courtesy of The 
Macmillan Company and Cambridge Uu^eraity Press ) 
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quanta of energy, depending on their frequency. The passage of 
the photons through matter may now be considered as analogous 
to tliat of beta particles. When one collides Avith an electron, it 
may lust loosen it from its orbit, as does the beta particle, losing 
some of its energy in the process. The direction of the photon path is 
altered, it proceeds as a smaller quantum of energy, strikes another 
election, and the process is repeated On the other hand, the photon 
may give up to the electron practically its whole quantum of energy. In 
this ease the electron will be set in motion with such great velocity that 
it will be virtually a beta particle itself It will then behave ^s the 
primary beta particles which Avere released from radioactive substances 
in the first place. In either case, the leleased electrons act as ionizers, 
until the energy of the photon is finally completely used up in producing 
ionization. The Wilson cloud track photograph of .r-rays or gamma 
lays is then reallj^ a photograph of the group of beta particles set in 
motion by the action of the photon. 

Secondary Rays.— When .r-rays pass through matter, thej^ are 
partiallj'' absorbed; the emergent beam has characteristics quite 
difi'erent from the original beam. .Tliese .r-rays are lef erred to as sec- 
ondary rays There are tliree types of secondary rays. They are 
scattered, characteristic and corpuscular raj^s 

Scattered Radiation.— X-rays aie scattered in all diiections by an.A 
kind of matter through which they pass. They may be considered as 
primary raj^s but deviated in direction and of longer AA^aim length 
because in passing tlirough matter the primary rays haAm gn^en up 
part of their energy to the filtering substance. This scattering has 
to be taken into calculation Aidien irradiating a patient.^ The skin 
receiA'es the primary beam and the underlying tissues receive in addi- 
tion the longer AvaA'e length scattered rays. 

Charactenstic Radiation —When a primaiy ray (a photon) collides 
Avith an electron in a K, L, M or N shell of an atom, all of the energy 
is giA'^en OAmr to the electron and is then shot off as a photo-electron. 
The shells are quickly filled by other electrons and energ}'^ is libeiatcd 
m form of radiations Avhose AA’^aAm length is longer than the primary 
beam. Each metal has its oAvn characteristic ladiation. ffhe 
the atomic AA^eight the shorter the waAm length of the characteiis ic 
ray Thus, characteristic rays are long Avave length a-rays le 
practical significance of characteristic rays is evidenced in u i izing 
auxiliary filters of loAA’'er atomic number (aluminum) to a sor 
acteristic radiations given off by filters of higher atomic number 


Corpuscular Radiation.— ^Mien matter is irradiated y Emitted' 
electrons are emitted. There are two types ® ” j 

One group consists of primary photo-el^ectrons wi i , r j 
velocities and the other group consists of reco.I *ctromwIne^ 
„nch lower veloeit.es /hey .nay be fcned^^ 

They are not .r-rays HoAvever, they are ui i 



ABSORPTIO\ 


95 


tlie\ art responsible for the ionization produced m air and for the 
action in tissues 



Fio 44 —Schematic diaenim of pntnao ftad aecondarj I Cathode ra>8 S 

pnmar) z nj'sin.idetube d pri(nar> z ra>90utaidetubc 4 filtcrof hiKhatomic %veight 
6 primary z ra> beam reduced in inten9it> due to ab orption of some of the ra>9 b> the 
filter C arattered and characteristic ra)e eoinR m all direction The cliaracteristie ra>8 
are absorbed b) the eecond filter (not shonn) of loaer atomic sreicht " lleta ra>e are 
leattered m all directions C cathode A anode 

Absorption —The loss of cnerg:\ of a beam of radiation in its passage 
tlirougli matter la known as the absorption of tiie radiation Since 
the paths of tlie alpha particles arc ncnrl> straight, and practicall\ 
all tlic alpha particles from a gi\cn radioattite substance ha\e the 
same speed, a slieet of matter of insufficient tlnckntss for their com- 
plete absorption will allow nenrh all the particles to pass through, 
but their speed will be diminished In the case of the beta particles 
not onU Will the speed of the emerging particles be less than it was, 
but also the total number of particles will be less ibis is due to two 
causes (I) The initial speed of the beta particles is not the same and 
some of the slower ones will Im\c lost all their energv m the slieet 
of matter (2) Some of tlie particles will lia\c been scattered com 
pletclv out of the original beam On the whole the loss of speed of 
the fastest particles is relativeh small while tlie slower ones are readily 
stopped, and consequentlv if the material t^a^e^';td is not too thick, 
the average velocity of the emergent beta particles is higher than that 
of the incident ones Matter in thib case filters out the slow speed 
particles and therefore the filtered radiation is more penetrating But 
It should be remembererl that all the particles are slowed down to some 
extent 

In the case of gamma rajs and x-rajs, speed has nothing to do with 
absorption, for all photons travel with the same \elocitj The con- 
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trolling factor is the frequency, or the energy of the quantum Photons 
of relatively small energy quantum, or those whose frequency is small, 
or those whose wave length is long— all three expressions indicating 
the same thing— are more readily absorbed The result is that here, as 
with the beta particles, all the pliotons are reduced somewhat in their 
energy, but the relative reduction for those which have little energy to 
begin with is greater than for the powerful ones Hence the net result 
of the passage through matter, or filiraiwn, is an mciease in the average 
penetration. It must be noted that the penetration of no single 
photon is increased, as a matter of fact, all aie decreased somewhat 
It IS simply that the average is raised. 

It must also be remembered that any impiovcment in quality or 
'penetrating iJoioer is at the expense of quantity or intensity. After 
filtration the beam is more penetrating, but it is less intense. 

The amount of haidening action produced by a filter depends on 
its nature and thickness, and the natuie of the radiation After 
traversing sufficient material, radiation of any type loses so much 
energy that it is softer than the original beam Thus the action of a 
thin filter maj’’ be to harden the radiation, while the addition of still 
more material may re-soften it 
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It is e\ idcnt from t!ic forcgomi; clmptcrs tlmt rndiitions differ 
con'5idcnl)l\ nmonp thcm^cKes It is not siifilcicnt to specif\ ndium 
or X n^ s, since c\ cn in n pu on licam of :r s n \ 'l^lct^ of ndiTtions 
CMsts rincmp from \cr\ ‘^oft or loop v'we Icnpth to liTrd, short 
^\'\\e Icnpth It i'. nccc''‘^'VT\ to !me some mc'tns of spccifMng the 
quality of the r'ldntion It is iKo essential to he able to stntc hon much 
therein of it or its ^unn/ity ‘ 

Tilt qinntitv of a--r'idntion is directh proportiomi (within limits) 
to the effect produced niul iinm ridiition effects ln\c been recom- 
mended ns standards for measurement, notablt the heat generated, 
the darheninp of photopnpluc film certain clitmical clnnpcs nnd the 
killing of the eggs of the fruit fl\ flic most satisfnctors, howetcr 
IS the lomration current proiluccd in a pas 
^ arious dc\ ices nrc usc<l for measuring this ionization current, some 
of winch will be described m a later chapter For the present it is 
’ufTicient to sin that the unit of quantits of radiation is the roentgen 
It was estal)Ii«hed b\ an international commission 
The Roentgen —This unit is called tlic roentgen in honor of the dis- 
co^crcr of i-rass, nnd is nlibresintcd ns the r, WTitten with n small 
letter (The term r unit, frcqucntls heard is tautological and incor- 
rect ) It is defined ns follows ‘ The roentgen is that quantity of 
radntion which when all the sccondnrx electrons nrc utilized and the 
wsll effect of the tlnmhcr is a\oi<lcd produces m 1 cc of atmospheric 
air at 0° C and 70 cm incrcurs pressure, such a degree of conductu it\ 
that one electrostatic unit of charge is measured at saturation current ” 
I>ct us (h-'Cuss this definition step In step and sec its extent and its 
limitations 

Ihc ouK red w n of nxoidinp tlic wall effect (which means the pro- 
duction of second ir\ radiation h\ the beam in tracersing the walls 

• In the last edition tins chapter nos revised by Dr Edith II Quimb> Some of the 
fnaterial added b> Dr Quimby has been retained m this edition 

' There seems to be confusion in the minds of many dermatologists and radiologists 
iclatue to the terms quantity irUennly and dose It should bo noted that intensity 
refers to quantit\ delitered per uml time and should always be so peeified For 
example if 100 units of radiation were deluered in ten minutes the inten ity would 
he 10 units per minute (This is not a physically accurate definition of intensity which 
IS the quantity of energy passing through unit area per second It is however the 
generally accepted one in radiation therapy) Dose is a nontechnical term rather 
loo ely used to specify quantity of radiation delivered to a giv en region 
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of an instrument) is to have no walls. Therefore, the standard instru- 
ment for measuring ionization current is an open chamber which con- 
sists of two parallel plates, between which the x-rays pass. The beam 
is properly diaphragmed before it enters the chamber, it traverses no 
solid material. One plate is charged positively and the other nega- 
tl^^el3’', so tliat the ions formed by the x-rays are attracted to them, 
thus producing the ionization current (See Chapter XL) 

Utilization of all the secondary electrons means that the}’’ must 
have spent all their energy in producing ions The charged plates 
must, therefore, be so far apart that the secondary electrons do not 
reach them before this has happened. Since in a Avall-less ionization 
chamber, the only secondary electrons to be considered are those 
generated in the air itself, and for ordinary .x-rays these have little 
energ}’’, this distance need be only a few centimeters. 

Saturation current means that the difference in potential between 
the two electrodes must be great enough to make the ions move toward 
them so fast that none has time to recombine with an ion of opposite 
sign before it reaches an electrode. This is the only method by which 
it can be assured that all of the ions produced are measured. Evi- 
dently if only a few ions are produced, the opportunity for recombina- 
tion •svill not be so great as when there are many. Therefore, the 
greater the amount of ionization, the greater the difference in potential 
betw’een the electrodes necessary to provide saturation current. 

The electrostatic unit of charge has been defined. One electrostatic 
unit of charge per second is one electrostatic unit of curient, which is 
of the order of one-billionth of an ampere. This is an exceedingly 


small current, but it can be measured by suitable instruments. 

Limitations of Measurement in Terms of the Roentgen —Special ion- 
ization chambers need to be constructed to measure radiations of 
very low' ■s’^oltage or very high voltage and gamma rays. J\bodification 
in the definition of the roentgen \vas necessary to provide for measure- 
ment of gamma raj's as well as .r-rays in terms of the same unit. le 
new definition of the roentgen follo'U's: “The roentgen shal e le 
quantity of .r- or gamma radiation such that the associa e coi 
puscular emission per 0 001293 grams of air, pioduces m air ions 
carrying 1 electrostatic unit of quantity of electricity or ei 

The standard ionization chamber is a complicated an i 
instrument to use It has been found that ceitain simp er . 
convenient instruments can be calibrated by comparison ‘ 

standard, and used for practical purposes Such ms rumen 


described in a later chapter 


uescTiueu m u jutei uuuijlci , onmp nt 

When .T-rajs strike tissue, secondar}’ rays are an 

w'hich are so soft that they \vould not be proper > 
ordinary measuring instrument. Such rays do , against the 

by which the portable practical “r-meter’ is the 

standard instrument Therefore, when used under 

practical instrument to measure such radiation, it is being 
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conditions for ulncli it Ins not l»een calibnted lor tins reason 
measurements made uith r meters King on the skin are subject to 
considerable error Tins matter wiU be discussed in connection witli 
measurement of dosage 

Measurement of Quantity of Radium Radiations — llu new definition 
of the roentgen jicnnits the u>'C of the sune unit to measure gamma 
ra\s as well as x rais loniration measurements arc ripidK replacing 
older mctho<K of gamma ra\ measurements The old method of 
sjiccifMng tlic milligrams of radium or imllicuncs of radon and the 
\anous ph\sical factors (filter distance etc) is pnctical and is i 
incasunmcnt of a hiologic rnetion This is inconvenient hut <loes 
suppK an exact specification of the radiation since the output from a 
giM n qiiantitv of radioactive material under given conditions is alw iv s 
the same 

It should he notcil tint there art two coininonlv used methods for 
sjiccifvmg the ejuantitv of radium radiation m this manner In one 
the nutnlier of mdhgrirns and tin exposure tune or the milligram 
hours (or niillicurie-hours) are stateil In the other the amount of 
radon <hsmt( grating during the exposure is giv e n (imllicuncs ilcstrov eel) 

I lib method ninv lie used even though radium instead of radon is the 
source, for tlicre is nctuallv radon in tlie radium tube llie former 
method IS usinllv used m this countrv and 1 ngland, the latter, on the 
continent of I uropo particulirlv in rranec Hcccntlv however, the 
second method is more often iiscel to denote qiiantitv of radiation 
<lehv creel interstitnllv Ihe two spccifie itions arc casilv translated 
one into the other It is known tb \l »n the total elestniction of 1 me 
n3inc-hr of radi ition arc elcliv creel lienee Mi me -hr arccqinva 
lent to 1 me destroved 

Ihe objection is raised to stating r ra\s m terms of one unit and 
gamma ravs in another that it is then impossible to combine them 
when talking about dosage 1 his m i\ not rcallv he a handicap for 
as we shall see when we cenne to biologic effects even when we can 
measure 1 roentgen of gainim ravs we cannot b\ an\ means he sure 
tint it would produce the same biologic effect as I roentgen of x rav s 
Measurement of Quality — If the measurement of quantity of radia- 
tion IS fairlv well established that of qualitj is far from it In the 
first place we have no simple conception of what we mean h\ qualitv 
The qinlitv of an x rav beam deals w ith its penetrahihtv I he higher 
the voltage the greater is tlie power of an a: rav beam to penetrate 
\li X rav beams arc heterogenous because they arc made up of r-ravs 
of different wave lengths Plic resultant pcnetrabilitv or qualitv of 
X ravs is determined bv the follow mg methods 

1 Standard absorption curves 

2 I ffectiv e w av c length 

3 Half-value laver 

4 Spectrometric measurements 
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The first measure of quality was a statement of the spark gap. 
This measures the peak or highest voltage in the cycle, but tells nothing 
about how much of the energy is delivered' at that voltage, or about 
any of the rest of the cycle. The only way to have a knowledge of the 
complete cycle is to make a spectrum analysis, A heterogenous beam 
of x-rays may be broken up by passage through a crystal, and the 



intensity of each wave length component determined p otograp nca 
This is a difficult and tedious procedure. 

For practical purposes it is necessary to weeise as 

definite than the spark-gap specification, but not nng p 
the spectrum curve. Several practical schemes are use , 
depend in some way on the absorption of the ra la 



AB^ORPTW!^ COEFFICJEKl 

Absorption Coofficient — A gitcn beam of ndiation mil nlnnvs hue 
Its mtensitj reduced in cincth the same manner In passing through 
the same amount of matter If the mtensiti of the beam as it leal cs 
the tube is taken ns 100 per cent and its mtensiti measured after it 
has traversed successive Inters of some metal sav nltirainiim its 
sradilal decrease ean be plottwl m a curve which shows the percentage 



Fio 46 —Absorption curves in aluminum for x rays generated at difTerent peak 
\oltages logarithms of same percentages as in Figure 45 (Thoraeus ^cta radiologica 
courtesj of P A Norstedt A Son ) 

transmitted h\ 'in> thickness of mettl Tips 45 ind 40 shott a proup 
of the so called absorption curves in aluminum for radiation at differ- 
ent peak \oltapes In Fig 45 the actual \alucs of the intensities 
are plotted the curtes are \crj steep and it is difficult to read the 
values from them In Fig 46 the logarithms of the intensities are 
used The curves are now almost straight lines the logarithms raav 
be easilj read and the actual values found from anv logarithm table 
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For convenience a percentage scale has been added at the right of this 
radiation were monochromatic, then 1 mm. of any 
specihc hlter would reduce it by a certain per cent, the next millimeter 
would reduce what was left by the same per cent, and so on The 
mathematical expression for this type of absorption is exactly like 
that for radioactive decay, in which the same per cent of material 
present always disintegrates in the same length of time. 

Effective Wave Length.— Over a given limited range of filtration, a 
heterogeneous beam may be absorbed in about the same vay as a 
particular monochromatic beam. In this case the quality of the 
heterogeneous beam is effectively the same as that of the monochro- 
matic; we say the former has the same effective wave length as the 
latter. The effective wave length of a given beam is found b}' deter- 
mining its absorption in a specified filter, usually 0.25 or 0.5 mm. of 
copper, and then, by referring to curves or tables, finding the wave 
len^h of monochromatic radiation which is absorbed in the same way. 
This was for some time the generallj'' used method of specifying quality. 
Since it is now falling into disuse, data for its determination will not 
be included here. 


Half-Value Layer. — The method generally used at present is the 
specification of the half-value laj^er. This is the thickness of any 
specified metal, usually copper or aluminum, which reduces the intensity 
of the incident beam to one-half its value. Mathematically it cor- 
responds to the half-value period for radioactive substances. It is 
obtained by making an absorption curve for the given beam in the 
specified material, and reading from the curve the thickness, which 
reduces the intensit 3 ' to 50 per cent. 

The method of determining the half-value laj’er for a particular 
beam of radiation ma^* be illustrated from Figs. 45 and 46. For raj's 
generated bj' 140 kv. and with no filter, the intensity is reduced to 
50 per cent at 1.3 mm. of Al. This, then, is the half-value layer for 
that quality of radiation. If the beam is filtered b}'^ 4 mm. of Al to 
begin with,*the cuiwe shows that the intensity is 27.5 per cent. Half 
of this is 13.8. The cm-ve indicates this intensity at 9 mm. The half- 


value laver for this quality of radiation is then 9 mm.— 4 mm., or 5 mnci* 
of Al. *^(The 4 mm. must be subtracted because, being the original 
filter, it was in place for both readings.) 

None of these practical measures of quality is definitive of a certain 
tj-pe of radiation; they all indicate an average effect. It is possible 
for several quite different beams to have the same quality bj anj o 
these criteria. For instance, radiation of fairlj’ high voltage, uimtere , 
will contain a portion of fairly soft radiation, which will reduce the 
average qualitv so that it maj' be the same as that of a loner 
horn which the softer rays have been removed by a prehmmary filter. 

The dermatologist is usually confused when one ^peaks of absoiptio 
cun-es. In orcle? fo clarify this problem Cipollaro and MntscMler 
performed experiments irith those qualities of x-rays, mdudmg gre 
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^•l ^5 nhicli are coinmonh used in dcnmtoIoRic pnctice One curre 
uith a 3 mm AI filter Has also obtained Tlicsc curres Here super- 
imposed upon a dnpraminatic section of tbe sbin in order to a isua- 
hze casih n bore difTerent qualities of i raa s ii ould li la e tlieir inaaimum 
cITect It IS seen m the figure tbat at a deptli of 3 mm , pr icticalla all 


to 20 M ^ 30 <0 w CO 90 



Flo 47 —Absorption curtes shoeing depth doses of ^a^ous radiations u ed in dema 
lologic practice buperimposed witli correct dimensions over a cross sectional diagram of 
the skin The measurements svere made in air mth a \ ictorcen lontoquantimeter The 
apparatus u ed nas a mechanical rectifier with a uniier al tJTie Coobdge tube The 
peak voltages varied from 40 to 140 the miUiampetage from 3 to 5 theskm focal distance 
was 50 cm and the portal 3 b> 3 cm For measurements writh 10 kv a ^estinghouse 
air Cooled tube irrenr nij apparatus was used Special chambers were constructed for 
the lontoquantimeter (From Cipolliro and Mutscheller ) 

the grenz ra\s (10 k\ ) are absorbed and therefore could ha^e no 
effect on lesions situated at this Ie\el with dosages which are con- 
sidered safe and harmless at the surface Tlie difference m absorption 
with radiations of 40 to 100 k\ (no filter) at the 3 mm level is onlv 
about 10 per cent ^^lth 100 kv the absorption is about 34 per 
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cent and with 40 k\\ it is about 44 per cent. With 140 kv. and 
^ absorption at the 3 mm. level is about 14 per cent, 

ihc hgure shows graphicallj'^ the desired quality of radiation to emplo\’ 
lor cutaneous lesions of varying thicknesses. The piactical measure*^- 
ment foi the quality of a--rays generally employed in the treatment of 
skin diseases is the half-value layer. Spectrometric methods aie the 
most accurate and scientific means of measuring quality of radiation. 

Spectroscopy.— In the three previous editions of this book considerable 
space was devoted to .a--ray spectroscopy. In spite of all efforts to 
simplify this phase of physics the material was still too difficult for 
the a^'erage dermatologist to comprehend fullj^ It was therefore 
decided to eliminate the chapter on Spectroscopy altogether Besides 
its complcxityj .a-ray spectroscopy is not a procedure which can be 
carried out in the a^•erage .a’-ray laboratory. Its field of usefulness for 
the aveiage dermatologist is verj^ limited. A few general remarks, 
howe^mr, sen’e to indicate the use of .T-ray spectroscopy. 

It has already been indicated that a beam of .r-rays contains a wide 
range of wa^’e lengths. The three previous methods described specify 
the quality in a general way of all the components of an .a-ray beam. 
The only true description of the distribution of the various wave lengths 
is to be obtained by spectrum analysis. Such an analysis will reveal 
ill anj’’ .a-ray beam just what part of the total energy is due to each 
wave length. Special crystals are used as diffraction gratings and 
specially constructed spectrometers are used for .r-ray spectroscopy. 
The Seeman spectrograph is a piactical instiument especially adapted 
for radiologic laboratories. 

A method which defines the quality somewhat more uniquely is 
that of adopting a standard set of absorption curves, and fitting the 
experimental cuive to one of them Taylor, at the Bureau of Stand- 
ards, has published sets of curves for standard voltages, for both 
pulsating and constant potentials, Avhicli may well serve as quality 
standards ^ These have been discussed, and some of them presented 
111 Chapter IV in connection with the discussion of voltage determina- 
tion 
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CHAPTER X. 


PHYSICAL FACTORS AFFECTING QUANTITY AND 
QUALITY OF RADIATION 

Ceriain physical factors characterize an}'^ radiation exposure. For 
a beam of a-rays, we must consider the milhampereSj kilovolts, filter, 
distance from target, time of exposure, and, in the case of quantity 
of radiation delivered on the skin, the size of the irradiated area. For 
radium rays there is a corresponding factor for everything except 
kilovolts quantity of radium, filter, distance from radium, time, size 
of irradiated field, and, in addition, the area of the radiating source 
Changing any of these factors changes the quality of radiation delivered 
at a given point, and changing some of them also changes the quality 
They will be considered in detail 

Current, or MiUiamperes.— Increasing the current is accomplished by 
increasing the heat of the filament, so that more electrons are released 
The more the electrons, the more the amount of a:-rays produced No 
change m quahtj'’ results from this increase in quantity, provided the 
voltage is maintained constant. With increase in quantity due to 
raising the milliamperes, the time necessary to deliver a given amount of 
radiation is decreased in the same ratio 

Kilovoltage. — When the potential difference between the filament 
and the target is increased, all the electrons are driven faster Each 
one then generates radiation more penetrating than it did before. 
For any given potential difference the fastest electrons will generate 
.T-rays of a certain maximum frequency or minimum wave length, and 
these are the most penetrating rays which can be obtained with that 
voltage There will be few of these extreme rays, but many more 
with slightly less eneigy, or slightly longer wave length There will 
also be ra^’s so soft that the^' cannot penetrate the wall of the a:-ray 
tube 

Filter —In a beam of radium rays there are three types of radiation, 
the alpha, beta and gamma rays We may depict them, wnth condensa- 
tion, by such a diagram as Fig 48. If a sheet of paper be laid over le 
source, the alpha rays will all be eliminated. The quality of the o a 
beam will then have been markedlj'' changed, but the quality o c 
beta and gamma portions is little altered The same thing ° 

the quantity If now laj’^ers of metal filter are added, the sorter e a 
rays, and then the harder, will be removed, thus changing gradua y 

* In the last edition, this chapter was revised by Dr Edith H Quimby Some of the 
material added by Dr Quimby has been retained in this edition 
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both the qinlit\ ^n(l the qu^ntlt^ of the ridiition in the be^m The 
filter which rcino\ts ill the bctiraxstMll also rcmo^c the softer gaininn 
r^^s Ihc rcino\ il of ^a^s of an^ one wa\e length is not an instan- 
taneous procc'^s Ihe ra\s arc rcpcittdh reduced in cnerg\ b\ atomic 
or electronic collisions until thc\ arc conipleteh u^ed up 
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RADIUM SOURCE 

Fiij 4'5 — llctcrogencouaboimofnijifromridiuinsourcc and the cTcct of filters thereon 


In I ig 49 are gnen cur\cs to show the absorption \arious 
filterb of the radiation from a thin glass tube containing radon in 
equilibrium with its products The logarithms of the intensities are 
plotted, since the range is so great howeaer, actual intensities are 
indicated on the scale rather than logarithms so that approximate 
a allies ma> be read directlv from the curaes Besides \anous metals, 
aalues for pure gum rubber are giaen, since thi^ material ab«;orbs the 
radiations in aerN much the sime manner as tissue For e\erv 
absorber the radiation is seen to fall off aer\ rapidK at first as the 
softer components are remoaed, and then much more slowly '\^^len 
onl> gamma ra\s remain the absorption goes on \er\ slowl\ , that is, 
a considerable thickness of absorber is necessara to produce a marked 
reduction in the intensity of the beam From the curaes it is not 
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Table 1 1 -Data Covcbrn-ing Radium Tba^bmi^ed bv^ 


Filter 


Glass tube 


0 5 mm brass 

1 0 mm brass 

2 0 mm brass 

0 5 mm silver 

1 0 mm siher 

0 5 mm lead 

1 0 mm load 

2 0 mm lead 


0 2 mm platinum 

0 5 mm platinum 

1 0 mm platinum 


1 Percentage 

j 1 

Composition of radiation i 


1 

— 1 

radiation ! 

j transmitted 1 

1 

1 

Beta 

' Gamma 

1 

1 

100 

i 

! 96 5 

1 

' 3 5 i 

1 — 1- 

4 1 

25 

75 

3 0 

3 

97 

2 8 

0 

100 

3 2 

7 

1 93 

2 8 

0 

100 j 

3 0 

G 

94 i 

2 7 

0 

100 

2 5 

0 

1 100 

3 5 

17 

0 

* 83 

100 

2 5 

0 

‘ 100 


Percentage 
absorbed in 
first cm of 
tissue 


97 


37 

11 

7 


11 

7 


15 

7 

6 


22 

7 

6 







hILTER 


109 


possible to determine the rehtne amounts of beta and gamnn radia- 
tion in the beams Tins can be done experimentalh b\ deflecting tbe 
beta ra\s b\ means of a magnet and determining the lntenslt^ of the 
gamma raas alone Table 11 gi\cs data concerning the absolute and 
relati\e amounts of radiation transmitted b\ aarious filters, and tbe 
percentage of the filtered radiation sub«cquentlv absorbed in the first 
centimeter of tissue 



Fio «0 —Absorption cur>e9 for 140 kv x rnys m different substancei 


The question of the best filter for gamma rat therapa is not defi 
niteK settled From table II it is seen that all beta ra\s can be 
remoted b\ about 2 mm of brass, 1 mm of siher or lead (dctuallv 
1 1 mm of siU er and 0 9 mm of lead) or 0 5 mm of platinum (or gold) 
In a beam of x-rays the qualiU range is not so great as m the radia 
tion from a glass radon tube, but it is still considerable Anj filter re 
duces the energ\ mtbebeamtra\ersmgitb\ taking a little energy from 
every photon Those which had onlj a small amount at first lose a 
greater percentage of their energy, so that the axerage energ> per photon 
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will be increased, although actually each will have lost some. The re- 
duction \n quantity of 140 kv. a:-rays on passing through various Biters 
IS shown_ m Fig 50. A change in quality goes with this reduction 
m quantity, ihe a:-iay beam becomes harder or more penetrating, 
hrom the curve it is seen that increasing the filter for 140 kv a:-rays 
from no metal to 5 ram. of aluminum reduces the intensity of the 
radiation to ^ per cent of its initial value. 

Data of this sort, for various types of tubes and generators, and for 
a wide range of voltages, are available in the literature. Professional 
calibration of an a:-ray machine should include a determination of the 
quantity and the quality of the radiation delivered under various speci- 
fied conditions of voltage and filter. 

Secondary Filter.— In passing through a metal filter, a:-rays or gamma 
rs-ys generate therein secondary' beta rays and the characteristic radia- 
tion of the metal; these secondar^’^ raj's are mixed with the emergent 
beam. The secondary radiation is, in general, much less penetrating 
than the primary beam. For instance, the K radiation of copper is 
equivalent to about 9 kv. rc-rays. Such radiation is readily absorbed 
bj'' very superficial layers of tissue, and is undesirable in the therapeutic 
beam. It is therefore necessary to remove these rays by absorbing 
them in a secondary filter of material which will itself give off no objec- 
tionable radiation. Aluminum is a good absorber for the copper rays; 
its own characteristic radiation is equivalent to only about 2 kv. a:-rays 
and is absorbed in a few centimeters of air. 

For radium, the filter materials generally used, platinum and lead, 
have more powerful characteristic radiations, about 80 and 90 kv. 
respective!}'. The secondary' beta rays generated by gamma rays are 
also more penetrating than those due to x-ra 3 's. In this case, with 
large container,? used at a distance, it is customary to use brass to 
absorb the secondary radiation from the lead, and, in turn, celluloid 
or rubber to absorb that from the brass. For tubes used on or close 
to the skin, or in body cavities, dependence has to be put ordinarily 
on rubber alone, and in interstitial irradiation the secondary radiation 
is allowed to enter the tissue.?, since in this case it is not damaging 


the skin and is serving a useful purpose. ^ 

Distance. — When the distance between the source of radiation and 
the area to be treated is increased there is a decrease in the intensity 
of radiation due to two factors. Tlie first factor is the absorption o 
x-rays in the matter through which they traverse and the 
factor is geometrical. That is the intensit}'' of the radiation a ing 
on a unit area becomes less with increased distance. Ihis is easi } 
demonstrated by a simple diagram such as Fig. 51. Ihe entire leam 
of rays passes through the small area at the position A. in tne pos 
tion B some distance farther away, the beam has .spread out o cm 
the much larger area. It is evident that the amount ro g 

1 so cm at A will be greater than that for 1 sq. cm at B in 
raS Tthe area of B is greater than that of .4, When the distance 
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of D IS twice tint of A, its irca is four times as great, so that the 
mteDSlt^ per sq cm at 7f cm be onh oiic-fourth as iniich as at A 
For an\ other distances, the areas can be sliow n to be ;n the ratio of the 
squares of the distances Therefore, the intensities must be in\ersel> 
m the ratio of these squares Tins is the statement of the turersc 
square hie which is a simple geometric il p^opert^ holding for all sorts 
of energ^ emitted imifomih from a point source r\identl\, since 
w ith change of distance tlie intensity is rcproihjced in tlie ratio of tlie 
squares, tlie tune of exposure will ln\e to be increased m the same 
ratio m order to dcli\ cr the same quantitx of radiation For example, 
doubling the distance reduces the inteiisit\ of radiation to one-fourth, 
therefore, four times as long an exposure is nccessar\ to deh\er the 
same quantiti of radiation 



Flo 51 —Diagram illustrating reduction m intensity of radiation with increase m 
distance (Imerse square law ) 

If the source of rajs is not a point, the xanation m intensity will 
be less, but it will always exist (unless in some manner the ra\s are 
made parallel and kept from spreading) In most a:-ra\ tubes the 
area of the target ma\ be considered as effecti\el> a point source 
If the filter is dose to the tube it will usually be found that the law is 
followed If howexer, the filter is close to the skm, or cones are used 
which ma> act as secondary radiators, considerable variation from the 
law may be found to exist For anv gi\ en installation, the x ariation 



114 


PHYSICAL FACTORS AFFECTING RADIATION 


!\LicSrE, Geoege IvT,, JM-gtscheleeb, Aethue, and Cipollabo, Arnnom’ C.: Time 
Factor in Irradjation, Arch. Dermat and 47, 490, 1943 

TLe Area Factor in Hoentgen Irradiation, Arch. Dermat and Syph , 47, 

057, 1943 

hi Aa'E'EOED, tv, T., and PiOSEetb, J. E ; hleasurementt of High A'oltage A-Haja, Brit 
Jour. RadioL, 6, -321, 1933. 

QrmET, Edite H., and F-AILla, G-: Radium Dosimetrj'. m Glasser, 0., ed : Science 
of Radiologj', .Springfield, HL, Charles C Thomas, 1933- 

Quuisy, EniTH H , tMaelnelei, L D., and Faeeoe, J.i A Study of Bach Scatter, 
Am. Jour. Roentgenol and Rad. Ther., (In press). 

Tekeile, H. hi-, and UnEEr, C. T.: X-ray Technolog}', i'ew Yori, D. Van hTostrand 
Company. 1930 



CHAPTJ R M 

MFTIIODS 01 MCVSIjUING QUANTUM OF R VDIATION > 

\ QU'NTiT^ of cncrpx can be mcastiret! onl^ b\ the efTects it pro- 
duces An\ one of the plicnomena resulting from tlie action of J-^a^s 
might be used as a biMs for measurcxntnt, and manj, ha\e been so 
ulapted llic effects of radiation nin\ be classified ns fluorescent, 
pliotographic, tliernnl, chemical, biological and electrical Ihe 
criteria for a practical s\btem of measurement arc that tlie procedure 
should not be too coinphcated or require too great technical skill, the 
method should be '^ensitne enough to permit the accurate determina- 
tion of quantities consulerabli less than those ordinanle used in 
thcrapi , apparatus should be simple and rugged, and sliould not con- 
tain inlierent fictors of error it should be possible to duplicate results 
readili the metliod should be objcctiie ratlier tlian subjectiie, tliat 
IS the judgment of the obser\cr should not p!a> an important part 
in the result Diere should be no time factor, that is, tlie rate of 
dclneri of the radiation should make no difference in the result ob- 
tained 

Unfortunateh , no nictliod at present aiailable combines all these 
desiderata Some, howexer arc much better than others It is the 
purpose of this cliaptcr to discuss brieflx xarious useful methods, and 
somenliat in detail the ionization measurements uhich arc at present 
the most satisfacton and mostgeneraII> used 
Tuo of the groups of plicnomena listed abo\e mav be discarded 
for our purpose 1 luorescent effects are not sufHcientU sensitix e to 
xariations m intensitx to be of an\ practical \alue Thermal effects 
(the production of lieat as a result of the absorption of radiation) ha\ e 
been used to measure the total cnergx in a beam In the hands of 
skilled phxsicists, the method had \ielded \aluable data but the 
technical training and delicate measurements mx olx cd make it of little 
practical x alue outside a research laboratory 

PHOTOGRAPHIC METHODS * 

Photographic methods depend on the fact that ar-rajs darken pho- 
tographic film, and that xsithm certain limits the amount of darken 
mg is proportional to the amount of radiation used Tlieir advantages 

' In the last edition this chapter was revised by Dr Edith H Quimb> Some of the 
material added bj Dr Quimby has been retained m this edition 

’ Of couree photographic effects are chemical but thej are usually considered eepa 
ratelj 

’ Phologtaphic pastille and other chemical methods of estimating i ray quantity 
and intensitj are onh bnefly mentioned m this edition The first two are practically 
obsolete in this country Those who are especially interested in these methods will find 
a discussion of the subject with hterarj references m the first and second editions of 
this book Other chemical methods are of little practical importance at the present time 
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materials, the simplicity of their application, 
and the fact that no special skill is required in their use. The dis- 
advantages of the method are inherent in these same facts. CareJesv 
ness in dark room technic may completely vitiate measurements 
hor results to be of any value, a complete set of standard films must 
be prepared with every experimental set. As ordinarily used, with 
visual determination of relative densities, the judgment of the’ oper- 
ator plays an important part. With ordinary beams used in therapy, 
complete blackening is obtained with quantities of radiation less than 
1 per cent of those required to produce a visible effect on the human 
skin. Aloreover, the photographic effect is extremely dependent on 
the quality of^ the radiation employed, so that comparisons with 
different qualities are completely impossible. Howe\’er, even in view 
of all these drawbacks, the method is useful wdthin limits. One of its 
advantages is the absence of a time factor within very wide limits, 
which makes it useful for testing protection in a;-ray departments, by 
mea.suring the amount of radiation reaching a given spot in a period 
of days or ’iveeks, 

CHEMICAL METHODS, 


Pastilles —Under the action of radiation, various substances undergo 
temporary or permanent color changes Tlie first attempts at accurate 
measurement of radiation doses were based on such phenomena, the 
substance most commonl}' used being barium platinocyanide. This, 
when fresh, fluoresces with a brilliant green color. Under exposure to 
ar-rays it changes to an orange and then to a browm color, which becomes 
gradually darker the greater the amount of radiation. The various 
pastille radiometers were pron’ded with standard color scales The 
test pastille wms exposed during the irradiation of the patient, and 
compared, under proper illumination, with the standard Treatment 
could be interrupted at any time to ascertain how much bad been 
delivered, and the pastille returned to its place. 

The use of these radiometers marked a great step forward in radia- 
tion therapy. In the days of gas tubes and other unsteady apparatus, 
it was necessary' to measure the dose for everj' treatment, if trouble 
w'as to be avoided and the desired results obtained. With present tubes 
and apparatus the output of a given machine will not vary more than 
a few per cent as long as no actual breakdowm occurs, and occasional 
calibrations are all that are necessary, although many radiologists 
prefer to use dosimeters for every case. 

Pastille measurements were always uncertain, because of spont^e- 
ous changes in both the pastilles and the color index with age ^ e 
speed Vvdth which a reading was made was of great importance, since 
the color change induced by radiation ivas very temporary in na ure. 
Thev are obsolete in this country at the present time-^ 

’ See footnote under photographic measurerocnls 
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Chemical Chanjea Produced by Radiation -iNiiinorniis cliernicil 
changes nre hroupht nbout 1>\ the action of ndi itioii nid thcorcticTlK » 
nn\ of thc^c mn^ be i^ed to me isiire the cn< rg\ tonsiimed As n innt- 
tcr of fact A cr\ fe\\ of them art tif nii\ pr ictic il \ nhu 

BIOLOGIC METHODS 

PncticalK all Inologic inatmal is nffcttctl to some extent b\ rulia- 
tion and main such reactions hn\c been suggesttd as st uulard for 
the measurement of r idiation doses It is argued tint snuc m tlur ip% 
^\c arc interested m a biologic cfTtct, a biologic stindard should be 
u'ied Against tins lna^ be set the \arnbibt\ of li\ing in itcnal as 
compared to lifeless, necessitating man\ txptrnntnts to tlcttrmim a 
single \aluc Tlicrc is also the fact that no biologic rt iction is nnnit- 
dntc, but that the lapse of da\ s or weeks is access ir\ be fore the result 
can be detennmed where is with other uictbods it e in he known m a 
few minutes 

Iloweicr, two tipes of Imilogic meisureintnts irc dcstriing of 
consideration the first because of the high degree of precision to wlncli 
It has been lirought in »/ tiled hands, the second bee lusc of the iiniicr 
salitj of its application 'I lic> arc the effect of r idi it ions on the tggs 
of the fruit fl\ and on the buinan skin 

Killing the Eggs o! the Tndt Fly (Drosophila) —A oung flies from \ 
pure culture of wild drosophila irc transferred from the bottles in 
which thej ire lired, to clean emptj liottlcs, eontannng strips of 
black filter piper moistened with i sjHcial food of \cist anel banani 
juicc Ihese bottles are put into an incubator at 20® C ind left 
undisturbed for two hours at the end of winch time nnn\ eggs will 
hate been laid on tlic black papers Jliesc are remoted niul spreatl 
closeU on fresh pieces of dsinp black p ipcr bj me ms of a sm ill t unel s 
iiair brush lliet arc tlien placed in i moist eb unber r\ietl\ one 
hour after the end of the hying period, tbe\ are irradiated all of the 
slips with eggs being started simwltaiieoiish , and one after anotlier 
withdrawn wlicn it has received tlic desired ilose During the irradia 
tion the slips arc supported on giiize held in i light wooden frame 
suflicicntlj large that the wood is outside the direct beam J be 
gau7e IS kept d imp with banana juice llie maximum exposure 
should not be greater tliaii twenty-five minutes, and the radiation 
intcnsitv not less tb in I r per minute After irradiation, tlie eggs arc 
kept at room temperature m a moist chamlier Under these conditions 
tlicv hattli m tliirty-six to forty eight hours lliosc winch have 
hatched can be easily distinguished by the wrinkled, parcliinent like 
appearance of the empty shell m contrast to tlie plump dead eggs 
I rom the data on manv thousands of flies irradiated in tins manner 
it has been possible to draw a curve relating the percentage surviving 
with the amount of radiation used This is given in Tig 52 It has 
been obtained b\ workers m several different laboratories and mav be 
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considered reliable iwo-hour eggs are med, awl the Uchnic 

deeerM vi followed exaoily. 

In order to nse the eggs to measure the radiation from a given beam, 
the percentage survival after a given irradiation is determined. For 
instance, suppo-;e that (iO per cent of the eggs irradiated survived, it is 
seen from the curve that this indicates a dose of 220 r. If this was de- 
livered in ten minutes it means an output of 22 roentgens per minute. 
Of course sucii a single measurement sliould never be used. Different 
batches of eggs .sliould be exposed for different times, and the average 
of all the determinations taken. Extremes of killing, that i.s, 10 per cent 
survival or 90 per cent survh'al, are not as reliable as intermediate 
one-5, for the presence of a feiv unusually sensitive or unusually re, dstant 
eggs may unbalance the,se end points. 



Fio -32 — ill curv'c for of JJrotojjhUoi jrrddidtcd Vfith 


An advantage often claimed for dro'fophUa eggs is that the result is 
independent of the quality of radiation employed. As a matter of 
fact, at present there is no means of knowing %vhether this is true. Itmat 
is true is that, within a wide range of qualities, the quantity of radia- 
tion as determined by the eggs is the same as that determined i;) e 
ionization chamber, or that, conversely, equal amounts of radiation, 
as measured by the standard ionization chamber, produce equal euec s 
in drosophila eggs. This simply means that neither type of 
ment is necc'^sarily independent of quality, but that ^ " 

effecd:, it is the same for the egg= and the ionization chamber. 

Effect on Human SMn.— Since a definite limitetion , - 

therapv is the cffec't produced on norraai .skin, it is natura that th s 
rSn should be taken as a standard, and as a practical one it is 
ver:v useful,' however it admits of little precision. 
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In the first phce, the defimtion of the skin erythema dose (lifTcrs con- 
si(lerab\\ •nnong ^ anoub w orkers Some \\^ t ‘fv\U t.r\ themi do'>c’ — 
tlie niiioiint of ndmtion ^\hlch amII produce t slnrp redtleninp Others 
u«e a “thrc'^liold erNthemn doi>c,” wliicli produces n \cr\ faiiit rctlden- 
ing Still otlicrs nsL t. “tlircshold pigmentation dose,” w Inch in u no\ er 
proelucc i rctldemng, but after two weeks or more results in a faint 
bronzing Ml of these ha\e drawbacks In the first place, there is 
considerable \ariation in indiMdual susceptibilit\ to radiation, so that 
it IS neccssar\ to test a number of people before a dose can be deter- 
mined DifTcrent parts of the bod\ differ in “^cn^itiMts, so that one 
region must be selected and alwa\s used Ihe size of the area irra- 
diated IS c\ccedingl\ important, for the hack scatter in a large field 
produces a marked increase in the effect from a gn en amount of 
radiation Small fields less tlian or about 5 square centimeters should 
be uscil The degree of reaction is difficult to determine w ith different 
normal skin backgrounds (unless it is pushed to the point of dermatitis) 
Teature of skin, presence or absence of Iiair, natural pigmentation or 
sunburn must be taken into consideration, as must the illumination 
under wlucli obseriations arc made ‘Narious tintometers ha\c been 
dc\i«ed to facilitate reading enthemas and in tlie hands of some in- 
lestigators haie proicd \crN useful Ilowcicr, the personal factor 
IS almost as strong w ith these instruments as w ithont them 
It IS to be admitted that tlie cri thema do«c is an inaccurate method 
of meaaunug z-ri\ dosage \ct dosage m dermatologic roentgeno- 
therapi is based upon biologic reaction in the skin produced bj x rai s 
Fractions or multiples of a biologic dose arc emploi ed m treating skin 
diseases One of the reasons whi there is so much <h«5cussion regarding 
the er\ thema dose is due to the fact tliat dermatologists and radiolo- 
gists obsenc different biologic reactions Tlie radiologist seldom 
obsen cs “harp redness one w cck after exposing an area of skin 2 \ 2 cm 
He obsen es a brownish discoloration witli some edema This is 
due to the fact that the xoltages he emplois are higher and the filtra- 
tion IS greater than that emplox cd b\ the dermatologist The redness 
obsen ed bx the dermatologist is sharp and distinct because he emplox i> 
low xoltage (GO to 100 kx ) and no filter and uses an open Coolidge 
tube with mechanical or tube rectification The redness becomes 
less distinct as the beam of a: raxs becomes harder 
In detennining the er> thema dose a number of xoung white sub- 
jects are selected and an area of skin either on the inner surface of the 
thigh or the flexor surface of the forearm is selected as the test site 
The use of irrit mts exposure to the sun trauma and other factors 
which might provoke redness or an inflammation are to be avoided 
Three fixe seven ten and fourteen daxs after irradiation the test 
areas are observed m daxlight The novice will have difficulty at 
first m distinguishing redness from brown discoloration or tanning 
For the unfiltered softer radiations (50 to 100 kx ) a measured dose 
of 200, 250 300, 3o0 and 4CK) r is applied to each test area on the same 
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part of the body. The test areas are separated by an area of normal 
skin for purposes of color comparison, A lead mask with appropriate 
openings is used for this purpose. For filtered (0.5, 1 and 3 mm. Al) 
and harder radiations (137 kw.) 270 to 720 r are applied to each test 
area. The measurements we made were in air and a Victoreen r 
meter which was specially calibrated for low voltages was employed. 
The intensity of radiation for unfiltered a:-rays was loO r per minute, 
for 0.5 mm. Al was 120 r per minute; for 1 mm. Al was 112.5 r per 
minute, and for 3 mm. Al it was 68.75 r per minute. Of course there 
were A'ariations of redness in each group and an average was taken for 
each group. We noted that the er^-thema ^'aried with the quality of 
the radiation, the intensity and the irradiated area. The physical 
factors were more important than individual differences in reaction 
of persons of difi'erent age, sex or complexion. We thus concluded 
that 300 r measured in air with a Victoreen r meter specially calibrated 
for use with low voltages will produce an erjiihema with 100 kv. and 
no filter. For ^'oltages lower than 100 lr\". the differences were so 
slight that we did not think it necessarj' to record them. With 50 k^^, 
no filter, a thin walled open Coolidge and a vabm tube rectifier, ery- 
thema was repeatedly observed with 250 r. With 137 kv. and 0.5 mm. 
Al. 400 r; 1 mm. Al, 450 r; and 3 mm. Al, 550 r were required to produce 
e^^■thema, The table summarizes the relation between roentgen and 
the erythema dose for roentgen ray qualities ordinarilj' used in der- 
matology’. 


Table 12 — Relaeiok BE^srEE^- Eoektgeks and Ebithema Doses tob Koektgek 
Bat QrALiTiEs Oedekahilt Used in Debhatologt. 

(From I^IacKee and CipoUaro ) 


noT-dts. 

Filter, 

lailliiiiet-ers 

of 

slxmjxniim. 

10 (Grenz) 

0 

60 

0 

SO 

0 

90 

0 

100 

0 

115 

0 

137 

0 5 

137 

1 0 

137 

3 0 


ICumber 

In tens ty. 

roea teens 

roentg-ens 

for 

per 

en-tbema. 

miimte. 

200 TO 300 

150 

300 

100 

300 

100 

300 

100 

300 

100 

300 

100 

400 

120 

450 

112 5 

550 

65 75 


Half-value 
lai er in 
milluneterE of 

Effective^ 

aluminum. 

■nave lengfh 

0 02 

1 75 

0 8 

0 27 

1 0 

0 264 

1 1 

0 260 

1 3 

0 253 

1 9 

0 240 

2 7 

0 228 

3 0 

0 224 

4 2 

0 213 


There is one more qualification for the conception of the erythema 
dose. For low voltage unfiltered a;-Tays the ninnber of roentgens 
required to produce eiythema should also he sufficient to produce 
epilation of scalp hair in children. We have found that -jOO r is e 
epilaTins dose. The measurements were made tmder the coDditmns 
above specified and this dose was used in the epilation o . 

of soaJps ax the Sim and Cancer Imi. It is inxcreetmg that 

the epilaihm dose does noi vaiy' with either the Tuahty of radi 
^JoSded it is snfndently penetratmg to affect the han papfflar) or 
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with the mtensitj Holthusen and Braun were the fir^t to call atten- 
tion to this and the> e their epilating dose as 350 r 
Herrmann \nd Pick in a recent article point out that different 
areis of the skin larj in sensitia tness to low aoltage arnjs Phej 
found that the axilla and groin are the most scnsitii e and the palm and 
sole are the least sen^itiie Thea found no appreciable difference on 
the basis of ‘^ex or complexion but that elderh debilitated people were 
less sensitne than joung robust indi\iduils Desjardins bel^e^es 
that this difference in scnsili\ eness could be explained on the basis of 
circulation, while Belisarios explanation is based on differences in 
thickness of the skin Perhaps both ideas plaj a role in addition to 
some other unknown factors 

The er\ thema dose is of no \ alue m determining the output from a 
given source of radiation, it is subject to too great variations, and 
requires too long a time to complete a senes of tests It is a com enient 
practical method of describing doses delivered in tissues and is v ahiable 
as a guide in the treatment of skin diseases 

ELECTRICAL OR IONIZATION METHODS 

The modern accepted method of measuring the output of an jrriv 
machine is bj the utilization of an lonizitioii instrument In anv 
ionization measuring instrument there ire two parts, the one which 
collects the ions, and the one which measures the resulting current 
In some simple electroscopes the two arc combined, but in general 
the parts are separate, the tontzaUon ekavtber, for the collection of the 
charged particles being connected electricallv with the measuring 
instrument 

Standard Ionization Chamber —As was seen m the discussion of units 
for array measurement, it n> necessary, for precise standardization, 
to have an ionization chamber built according to ver^ definite speci- 
fications A diagram of such a “standard ionization chamber ’ is 
gi\ en in Pig 53 It is not a simple dev ice Tlie ionization current 
IS produced between the charged electrode E, and the grounded one, 
F which IS connected to the measuring instrument At either end of 
F are two grounded platen, GG, to prevent the leakage onto F of 
extraneous charges which would make the lomration current seem 
too high These electrodes are enclosed m a heavj lead box, of the 
dimensions indicated This shi» Iding is necessary in order to be sure 
that no ar-rav s enter the chamber except the desired beam The nt ck 
carries a senes of diaphragms m order that the beam maj b( precisely 
limited and its area known From the cross-section of the beam and 
the length of the electrodes mav be calculated the actual volume from 
which the ions are withdrawn in the measured current, and hence the 
electrostatic units produced per cubic centimeter Since the x rav s 
do not strike the electrodes nor am part of the chamber inside the 
diaphragms there are no secondary rays produced except those from 
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nhti nrf 1 absorbed before they reach the 

plates. The cliamber can, therefore, be made of metal throughout 

It IS large heavy, and awkward to move about, and must be ad- 
justed with extreme care. It is the standard by which all other 
chambers must be calibrated, but is itself seldom used outside the 
piij'^sics laboratory. 



Fig 53 — Standard ionization cliamber 


Small “Air Wall” Chambers; “Thimble” Chambers.— The chambers 
usually used for the phj'sical measurement of .r-rays are of the thimble 
type. The outer shell of such chambers is constructed of a conducting 
material which is grounded and a central electiode connected to a 
suitable current measuring device. This is cliarged to a sufficiently 
high potential to insure saturation between it and the surrounding 
chamber wall. The wall is made of bakelite, graphite, horn, celluloid 
or other suitable material. When the chamber is placed in the beam 
of a-rays, the air Avithin the chamber is ionized, causing a flow of elec- 
tricity which IS recorded on a measuring device 

The ionization of air in a thimble chamber is not the same as that 
of an open chamber The thimble chamber has to be cahbiated 
against the open chamber foi A'oltages foi winch the thimble is to be 
used. The thimble chamber will indicate tiue roentgens onlj'^ if it is 
properly calibrated A Victoreen r meter bought at random cannot 
give true readings for all voltages A pioperly cahbiated^ thimble 
type roentgenometer is invaluable in every day therapy. Ihe doses 
need not be measured with each treatment, but occasionally calibra- 
tions of .a-ray output m an assures safety and uniformity of dosage. 
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Condenser Chambers — Clnmbtrs of the small mr-^xall t\pe ire some- 
times built in the form of small condensers, uliich can be completch 
detached from the measuring instrument Uhe\ are so well insulated 
that wUctt 0. cettaia potential cliffcrcnce is dc\ eloped between the 
electrodes b\ charging oiu of them, tbei can be carried about and 
handled without losing this Iloweacr, if ions are formed inside b\ 
the action of radiation, these will be attracted to the appropriate 
electrodes, partU counteracting the charge and lca^ mg a smaller poten- 
tial difTerencc Such a cliainber is att iclicd to a measuring instrument, 
charged until it registers a certain reading, detached, exposed to radia- 
tion, and at in' re i«omble subswpicnt tunc returned to the instrument, 
who'ic reading then indicates the total amount of radiation which has 
fallen upon the Unmber 

Such chambers ha\ e sc' oral ad\ antnges i he' can be used in main 
places where a chamber with a connecting cable would be impracticable 
If the insulation is sufRcicntb good, the cKpobiire mai last for seicril 
daN s or w ccks, making them suitable for testing protection riic' ma\ 
be sent to considerable distances bj mail e\po^cd, and returned for 
reading Ihcir drawback is the slowness and tcdioiisness of making 
main measurements b\ this method The roentgenometer need 
extensneU in this countri and which is the one which the authors 
emplot, is the ^ ictorceii condcincr r meter ((ths'^cr-Scitz t>pe) 

totrapolation Chambers —An important t'pc of clumber recenth 
dc\ eloped is the so-c died extrapol ition clumber, which is a modifica- 
tion of the parillcl plate (lumber Its purpo'^i is the accuntc meas- 
urement of the radiation dclncrcd at the surface or in the interior of a 
'oliime of organic matter Ibis is essciitialh a laboratori instrument 
and w ill not be described hero 
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CHAPTER \II 
IISSLL DOSAGL • 

liiL purpose of ruliatjon thenpj is to produce some change in 
tissue nctlMt^ , bj tlic action of tlicn\son the cells 'iliis action must 
be brought about bj tlie nb'^orption of some of the energj of the beam 
of ndiation ni the cells affected Ihe present concepts of the meclian- 
ism of this absorption and the resultant tissue clinngts \m 11 be dis- 
cussed in thechaptcronBiologicalEfTectsofRadiation (Chap XIX) It 
inaj, ho\\c\er, be assumed tliat the effect produced is proportional to 
the amount of radiation which actually readies the tissue in question 
I rom tins point of ^ icw it is e\ ident that the ts pe of measurement of 
radiation discussed in Chapter XI is not sufficient Iherein were gi\en 
particulars regarding tlie dctcriniiiation of the qnantit\ of radiation in 
a beam in air, whidi describes tlie cffccti' eness of tlie source, and also 
information regarding the amount of radiation deh^ cred to the surface 
of the bod^ under definite conditions Ilowexer, it is ob\jousl\ neces- 
sarN to ha\c some means of determining and stating the amount of 
radiation deh\crcd witliin the tissues 
Methods of Irradiation — 1 w o general methods ore used for the admin- 
istration of radiation, known as the external and the tnicrsUhal The 
first comprises all cases in which the source of radiation is outside the 
bodj Such are practical!) ail ar-raj treatments,* and application of 
radium b^ means of “packs,” plaques, or moulages In the second, the 
source of radiation, usuall) radium or radon, is buried directly in the 
tissue to be affected, or inserted into the bod) caMties 
The two obMOUS differences between these methods are (1) In 
e\tcrnal irradiation onl) a small part of the a\ailable energ) actualK 
reaches the tissues Radiation is emitted in all directions, and only a 
few per cent of the total form the useful beam In interstitial irradia- 
tion, all of tlie energ) emitted from the source reaches the tissue 
2 In e\ternal irradiation, e^ell the useful beam must, in general, 
first pass through skin and other normal tissues before reaching the 
diseased cells The amount which may be used is limited bv skin 
tolerance, and this amount is further decreased b) absorption in 
normal tissues overKing the diseased region In interstitial irradia- 
tion the maximum dose ma) be deliaered direct!) into the diseased 
structures It is e\ ident that, if interstitial irradiation could be 
administered easil), uniform!), and accurately, it would be much the 
more effective, and m fact, usuall) the method of choice However, 

• In the last edition this chapter was revised by Dr Edith H Quimby Some of 
the material added by Dr Quimby has been retained m this edition 
‘ The recently developed x ray tubes for intercavitary use are not stnctJy external but 
even here the concepts of external irradiation appU 
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It IS often impracticable, or otherwse undesirable, and in such cases 
reliance must be placed on the external method. 

in detoif of radiation delivered by each method will be considered 


EXTERNAL IRRADIATION. 

Although, in general, dosage problems in dermatology do not involve 
tissue depths of more than a few centimeters, it is considered advisable 
to present a fairly comprehensive discussion of this subject. 

Unit of Measurement. The question of a satisfactory unit for the 
measurement of tissue dose has not been settled at the present time. 
\ arious phj sical, chemical, and biological standards have been pro- 
posed, but none of them is really satisfactory. The roentgen, discussed 
in Chapter IX, was established for the measurement of rc-rays in air. 
Some ^e^^sion of the definition will be necessary before it can satisfac- 
toril3" be applied to gamma rays in air, and even more before it can be 
safely used as a unit of quantity of radiation within a scattering 
medium. The unit is essentially a measurement of ionization of air, 
and such a physical phenomenon will not necessaril}'^ indicate the degree 
of biological reaction to be expected. Due to scattering and the pro- 
duction of secondary rays (r/.v.) in the tissues, the radiation at a depth 
is difi'erent qualitatively from that on the skin It is a moot question 
whether doses measured b}* a phj'sical standard will produce the same 
biological effect for different qualities of radiation. At the present 
time the most acceptable unit is a biologic one. ‘\Mien tissue reactions 
are better understood, it may be practicable to specify dosage on an 
energ}' basis, in terms of the number of ions produced per cubic centi- 
meter, or by some other physical statement.^ 

Skin Erythema Dose,— The selection of the proper biologic unit is 
not easy. Various experimenters have used such indicators as droso- 
-phila or ascaris eggs, seeds, plant shoots, and tumor cells in vitro, to 
compare the reactions of external irradiation bj’ radium and a>-raj's. 
None of these is satisfactory as a standard from a practical standpoint. 
Radiologists in general use as a unit the s/cm er^/iema dose, i. e., the 
amount of radiation which will redden the normal skin This is open 
to the objection that such a dose varies among individuals and among 


1 The new definition of the roentgen, adopted b 3 ' the Fifth International Congress o 
Radiology, opens the way to specifyiag tissue doses in terms of roentgens It is now 
reasonable to state that a "tissue roentgen” shall be that quantift^ of or gamma-ra i- 
ation whose corpuscular radiation bberates 324 to' 10'® ions (1 e s u ) per gram <m air 
the point tchere the radvatton is ulihzed, and under the condiiions under which it is adminu- 
iered. It now' becomes a question of developmg mstmments winch wall measure 
ionization correctly. The extrapolation chamber is satisfactory for thispuipi^e, an 
obtained with it can be expressed in terms of tissue roentgens Thus the hac^ 
tables can be used to find the skin doses of a>-rays in terms of tissue roentgens 
in the present chapter, if the skin doses are expressed in this maMer, and p 
then taken according to the cum-es and tables here given, the remits ^ 

doses reasonably weU m terms of tosue roentgens. Until the tles S 

roentgen is extended to cover such measurements, it is wiser to speak of tis. 
specified as in terms of “tissue roentgens” rather than actual roentgens, v 
number of ions is the same in both cases. 
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ob<?er\ers, some desinng *1 simper reddening tlnn others These 
difficulties mn^ he o\ercome b\ using the so-called "threshold pigmen- 
tation dose,’ or ‘ threshold skin dose ” This is the amount of radiation 
^^hlch, in SO per cent of nil cases, produces n faint bronzing of the skin 
in two to four weeks after treatment (for gamma ra\s this time of 
obscrNotion should be extended to six weeks), and in the other 20 
per cent produces no visible effect With this unit, the error in deter- 
mining the dose is less than 10 per cent, and v anes \ er\ little from one 
observer to another It is not entirclv satisfactorv from several points 
of V lew , but it appears to be the best nv ailable at present 



Fla — DjaRram vlluslrating method of measuring radiation m phantom with email 
thimble t}pe loniiation chamber 

Determination of Dosage —Obviously it is impossible to observe a 
skin reaction in the depth of the tissues It is necessarv to have some 
other means of determining exactlv the amount of radiation The 
method most generallj used is that of the small ionization chamber 
a-d ‘water phantom This is siinplv a tank of water of dimensions 
comparable with a section of the human bodv m which the ionization 
chamber can be immersed It has been found that water scatters and 
absorbs radiation m pricticallv the Same manner as hum in tissue 
hence data olitamcd in this manner are applicable to radiation therapv 
In fact depth doses measured in a cadaver agreed verv closelv VMth 
those measured m the w ater phantom 

The method of obtaining sudi data maj be outlined as follows In 
Fig 54, a beam of radiation is shown falling on a tank of water The 
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ionization chamber position 1 is half submerged, at the surface 

? this.position may be taken to correspond to 

the radiation falling on tlie skin. It wili be greater than tiie reaLr. 
obtained with the chamber in the same position and the tank empt\^ 
because of the radiation scattered back from the water below Measure- 
ments made wth the chamber in positions such as 2 and 3 will give the 
amount of radiation arriving at various depths along the center of the 



Fig 55 — Curve showing percentage depth dose in water for arrays generated at 
125 kv peak, filtered by 3 mm. Al, 25 cm. T-S distance, 25 sq cm. field. 


beam, and in positions such as 4, 5, and 6, values off the axis, and even 
completely outside the geometrical beam, may be obtained. The read- 
ing at the center on the surface is taken as 100 per cent, and all others 
calculated in terms of this. Useful methods of plotting such data are 
shown in Figs. 55 and 56 Fig. 55 is the so-called depth dose curve 
for ar-rays generated at 125 kv. peak, filtered by 3 mm. AI, «sed a 
25 cm. target-skin distance, and falling on a field of 25 sq. cm 
it the amount of radiation (of this particular quality) reaching any 
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depth along the axis of the beam can be read immediate!} in terms of the 
amount a\hich readies the skin Tig 56 is the so-called isodose chart 
for this «;amc beam of radiation, dc\ eloped from measurements made 
throughout the phantom The rehtue doses deliacred anwxhere in 
the beam can be seen at a glance If the dose deh\ered at the center 
of the field on the skin was one threshold dose (TD), the chart gl^es 
immcdntelv the per cent TD at an\ point If the skin dose w as more 
or less than 1 TD, the dose at ana other point is indicated as the per- 
centage of this 



In Chapter XI the question of errors inherent m thimble chambers 
was discussed and it was stated that for accurateh determining the 
surface and depth doses it is necessarj to use a chamber of the extra- 
polation t\pe 

Factors Influencmg Dosage —The effect of \arious. phasical factors 
on the amount of radiation deli\ ered bj the x-ra\ tube influences the 
amount of radiation dcli\ered withm the depths of the tissues The 
factors to be considered are aoltage filter target skm distance, size 
of irradiated area milliamperes and time Instead of the last two the 
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does not affect the relation between surface and depth dose- the 
amount of radiation delivered within the tissues varies in the same wav 
as that delivered on the skin. Changes in the first four, however, 
bring about changes in the relative depth dose; that is, if any of these 
were altered in the specifications of Figs. 55 and 56, the curves would 
be different. The effect of each of these factors is independent of all 
the others, so that they may be considered separately. They will be 
taken up in turn. 


Fig 



57. — Curves showing variation in percentage depth dose vith \oltago 


1. Voltage.— With, increase in voltage, the quantity of ra la 
emitted by the a;-ray tube increases markedly, and the ‘ J , 
changed by an increase in the proportion of shorter , 

radiation, so that the average penetration of the whole ^eam is g 
Fig. 57 shows depth dose curves for three voltages, 1 _ , > 

150 kv., all others factors being the same_ xj^gj.g jg 

as a rule 2 cm. below the surface of the skin and , P voltaaes. 

no essential difference in the depth dose curves for 
There is at present no simple formula by means o 
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dose cin be calcuhted for one ^oIt^ge when those for another are 
know n , it IS nece‘!‘!'ir\ to measure them in each case 
2 Filter ^\n increase in the filtration cmpIo\ed diminishes the 
qu'intit\ of radiation a\ ailable, and at the same tune alters the quaht\ 
of tlie useful beam V. thicker filter produces apparenth the same 
effect on qualib as a Inphcr \ oltage it supplies more penetrating radia- 
tion, and hence an increase in the reJatne depth do'^e But whereas 



Flo 5S — Cunes showing \amtton in percentogo depth dose «ith filter 

an increased voltage does this b\ adding to the amount of hard ravs 
an increased filter doc* it bv diminishing the relative amount of soft 
ravs As in the case of change in voltige, there is no simple formula 
for the effect of filter but a good deal of experimental work has been 
published on this Ihe curves of Tig 58 show relative depth doses 
for no filter and for 3 mm A1 and 6 mm A1 filters for 120 kv 50 sq 
cm area 30 cm target-skin distance These values should not be 
iccepted as apphing verj closelj to an> particular installation For 
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It must be remembered that the addition of filter reduces the ouan- 
tit} of radiation available especially low voltaae set-um Thn wnin • 

Sst'orfeS*:;', ^ 

that IS, in Older to deliver a given amount of radiation into the tissues 
a longer exposure is necessary when the filter is used. ’ 



Fra 59 — Diiigram illustrating reason for greater percentage depth dose with greater 

target-skin distance 

3. Target-skin Distance.— It has been seen that increasing the volt- 
age or the Glter increases the depth dose by changing the quality of the 
radiation, in the first case by actually adding more penetrating radia- 
tion and in the second by eliminating more of the soft rays Increasing 
the target-skin distance also increases the depth dose, hut does it on a 
purely geometrical basis, without in any way affecting the quality of 
the radiation This is easily seen from Fig 59 P i and P 2 represent 
two point sources of radiation, at distances Di and Dz from the skin 
where a diaphragm limits each beam to the same area. On 
into the tissue, the beam from Pi spreads out much more widely aji 
that from P 2 Obviously if the amount of radiation passing tnroug 1 
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tlie skin ere the snme in the 2 cases, each square centimeter at a depth 
^ould reccne a smaller portion of the total from Pi tliaii from P In 
otlier ords, the relatn c depth dose (in a single cubit centimeter at the 
center of the field) is greater for the source at the larger distance Ihc 
actual incrca'jc can he rcadiK calculated b\ means of the in\ erse square 
Htv (See Chapter \) as shown m the following ilhistntion 
Suppose points Pi and P are located 20 and 50 cm respeetn eh 
from the skin, and the dose to be considered is at a depth of 10 cm 
Both beams pass through a 10 ■v 10 cm area on the skin Vt the 10 cm 

/OQ 4 . 10) 

depth, the area to\crcd b\ the nearer source will be '~oo ^ 

= 215sq cm 'flint to^eredln the farther source will be 
X 100 = 144 sq cm I ach cubic centunetcr it the 10 cm depth 
will receue of the total radiation from the nearer source (neglect- 
ing the a arntion m mtensita within the field), and of tint from the 
farther, or 

Depth dose fo^50 cm distance 1/144 _ ^15 _ 

Depth dose for 20 cm distance ” 1/215 ” 144 “ 

EMdentlj bj increasing the targct-skm distance from 20 to 50 cm , 
the percentage dose at 10 cm lias been increased b\ 50 per cent But 
it must not bt lost sight of tint for an adiial increase of 50 per cent, 
It IS necessary tint the same dose be deh\ ered to tlic skin m both cases 
To deliNer the same dose from the 50 cm distance as from tlie 20 cm 

distance requires = G 25 times as long an exposure Table 13 

gi\es relati\e deptli doses for \ arious targct-skm distances for radiation 
at 120 k^ , w ifh 3 mm \1 filter, for a field of 50 sq cm The ^ ariation 
with distance is the same for all qualities of radiation and all fields 

Table 13 — ^ARlATIOv iv Percentage Depth Do<»e i\ Water wmt Target skin 
DrsTAKCE 120 KA 1 SIM Al Fieter so bq cm Field 


Tareet tkin distance cm 

Depth 


cm 

-0 

30 

40 

1 50 

CO 



Pereenlaffe Depth 

Doee 


0 

100 

lOO 

! 100 

100 




1 86 

1 87 

88 


2 


1 

1 73 



3 

53 

1 S8 

1 61 



4 

42 

1 47 

1 50 



5 


' 39 

42 





27 

30 

1 32 


10 


16 

18 

20 

21 


9 
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4, Size oj Irradmied Area.—hn increase in the size of the irradiated 
ZTQB on the skin increases the quantity of radiation arriving at any 
pomt within the beam, by increasing the amount scattered into the 
volume in question. The relative depth doses for a number of heJds, for 
radiation at 320 k^- peak, 3 mm. Al Biter, and 30 cm. target-skin dis- 
tance, are given in Table 34. 

Each of these clianges is independent of all the others, and may be 
calculated separately. It is evident that if the amount of radiation 
delivered to the skin is known, the amount at any given point vithin 
the tissues may be obtained from the data here given (for the qualities 
of radiation discussed). 


T\BI.E 14.— Vahiatio.n i.v Percentage Depth DohZB in Water -with Ieradjated 
Area. 120 Ki. Peak 30 cm T-S Distance .3 mm. Al Filter 


Depth, 



Irradiated area. 

BQ cm 



cm 

10 

25 

50 

JO 

100 

200 

1 




PfTCiTtlagc Depth Dose. 

1 


0 

100 

100 

100 

wo 

( 100 

’ wo 

1 

SJ 

S3 

SO 

87 

' 88 

90 

O 

03 

67 

71 

72 

74 

70 

3 

49 

53 

38 

00 

02 

04 

4 

3' 

42 

47 

49 

51 

55 

o 

29 

.34 

39 

41 

43 

47 

7 

19 

2J 

27 

29 

31 

35 

10 

9 

12 

10 

18 

19 

21 

_ 
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Radium.— So far, nothinghas been said about external irradiation from 
radium. The same general line of thought may be follov ed as in the case 
of a-'rays; the same type of change results vith alteration in distance, 
filter, etc. (The inverse square law does not hold in general, bemuse the 
radium applicator is usually' too large in comparison to theradium-sbn 
distance to be considered as a point source.) There are only a few in- 
stitutions, however, which have sufficient radium to do effective externai 
irradiation of anilhing except very superficial lesions. In dermatologic 
conditions where it is desired to concentrate the radiation m the super- 
ficial tissues, small apph'cators close to the skip may be verj' uselul- 
I^lien plaques are used close to the skin there is verj grea varia i 
in the intensity of radiation throughout even the first centoeter ol 
tissue. In order to del^^'er adequate dosage to the deeper po^jons o a 
lesion of this thickness, it may be necessary to produce actual tiss 
destruction in the superficial parts. 


INTERSTITIAr. IRRADIATION. 

As has been shown above, the determination of 
bv external irradiation is quite direct f 

degree of accuracy. Calculations for ^^h more diversity 

difficult, and, of necessity, less accurate. There is muen mo 
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imong the <;ources used for uiterstitial irndntion tlnn for external 
The^ nn\ he permanent or rcmoxnble radon seeds of different sires, 
or remo\ able radium or radon needles in a great range of Icngtiis and 
filtrations Measurements ^ith a small loniration chamber, such as 
uert gcneralK useful for external irradiation are of no \alue for 
distances small in comparison with the size of the chamber, is is 
gentralK the case for interstitial dosage It is neccssar\ to determine 
the distribution of radiation around each txpe of source in an indirect 
manner E\en when this is known if several sources are used together, 
the\ ma\ be implanted iincxenh m the tissues However, m spite of 
all these difficulties it is usuallv possible to arrive at a fair approxima 
tion regarding the mvnrtntm dose delivered within a given volume 
This IS the do‘=e it is neccssarv to regulate, since if cells rcceiv mg this 
amount of radiation are killed, 1110*50 receiving more should nl «!0 suc- 
cumb 

beeswax 


BEESWAX 


Flo CO —DiaRram illuatratine cxpcrimcnlol determination of erjthema reaction for 
mlerstilial trr&dintion 

Unit of Tissue Dose —It is of course desirable to use the same unit 
in de«5cribing tissue doses from botli mterstitia’ "nd external irradia- 
tion NaturalK it is not practicable to introduce seeds or needles at 
specified positions under the skin and observe the resultant ervthema 
but a satisfactorv approximation can be obtained b\ the following 
scheme Beeswax has been shown to absorb and scatter radiation in 
verv much tht same manner as tissue It can therefore, be used as a 
tissue substitute in such a procedure as the following A radon tube, 
of know n length and filtr ition is fastened m place on a piece of beesw ax, 
about 10 cm m diameter and of a known thickness (See Fig GO) It 
IS covered b\ another block of wax several centimeters thick and the 
whole strapped to the skin of the thigh as indicated For each thick 
nesb of the lower block, trials are made with various exposures until 
the do‘5e is found which produces the threshold reaction This is 
assumed to be the dose which would also produce the threshold reac 
tion if it were buried m the tissue at the same distance beneath the 
skin as the wax supports it above Bv this means the amount of 
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radiation IS determined which is necessary to deliver a threshold dose to 
dilierent distances within tissue, for a certain t 3 'pe of implant. Similar 
measurements can be made for other implants, and for greater dis- 
tances. As an experimental method, however, this is not very satis- 
factory. In order to obtain precise values of the threshold dose, it is 
necessar^^ to make manj^ tests, and to observe them over periods’ of at 
least two months 

It has, however, been found that certain other reactions can be used 
for the purpose. The most convenient of these are the bleaching of 
butter and the production of necrosis in the dorsal muscles of rabbits. 
Both of these methods are used within the same range of distances as 
the skin reactions, and the butter, in addition, can be used for dis- 
tances up to several centimeters. As supplementary data for these 
longer distances, certain ionization measurements are of service. 

It is not desirable to present here a detailed discussion of the experi- 
mental work. It is sufficient to say that data obtained by all these 
methods were in good agreement, and to present the practical results. 



Fig 61 —Curves showing relation between distance 

A, Number of miUigram- or distances for irradiation 

different distances B, Percentage of threshold dose at different dist 

of 110 mg - or mc.-hr. or 0 85 me destroyed 


The curve of Fig. 61 A gives the number of “jLlnces 

hours necessary to deliver one (This is 

from a "gold seed,” 4 mm. long, vuth » i ^ives L^^^ber 

the standard tjTJC of seed, generally used.) Fig. 61 Ji g ^ 

of threshold doW delivered at different distances from 100 me. m 
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or OS luc (Icatrojcd,* from such 'll! iinphnt rrom these cur\cs 
ind the ;ii\en nnge of distinccs, ^ll the neccssirj inforrmtion 

cm be obtamcti rcgmling dosigc for thjs particular tj’pc of iinplmt 
If the number of inc-lir is changed, the dose deli\ered at am gi\en 
point lU be changed m the same ratio IIo^\ e\ er, it must be remem- 
bered that the distance at ^^hlch ft gi\cn dose is deli\ered is not \aried 
m tlie same manner For instance an exposure of 200 mc-lir i\ill 
delner two FD at 1 cm It will not howe\cr, deli\cr 1 TD at 
2 cm but at tlie distance which rcctnes 0 5 T D from 100 me -hr , 
naniel\ 1 4 cm 

Effect of Filter —If either the filter or the length of the implant is 
cliangcd, tlicse tur\es arc no longer applicable, but corrections must 
bt applied Ihe effect of change in filtration is shown m Table 15, 
for distances from 0 5 to 2 cm i filter of 0 5 mm gold or platinum 
being taken as standard For distances greater than Iialf a centimeter, 
it is c\idcnt tliat there is little difference m the radiation from the 
\ arious tj pts of gold or platinum seeds (ranging from 0 2 to 0 5 mm 
m wall thickness) Half a millimeter of gold cuts off all tiic beta rajs 
and the thinner gold filters sometimes Uscd transmit onl\ a small 
proportion of them which arc all absorbed in less tJmn a centimeter of 
tissue IIowcNor the less dense materials shown m the second part 
of the table transmit larger percentages of beta rajs nnd also of soft 
gamma ra\s so that even up to 2 cm there are appreciable differences 
in tlie doses from these and tlie gold-filtered implants 


Tasi-g 15 —V tRi\Tios IX QtrivriTT or R^tmriov Delixered xt Diffcrevt Dis 
taxce^ IN Ti^sce with \arution in Filter (Qmmbj courtesy 
of \m Jour Rocnleirnol *"‘1 n-idium Tberap> ) 


DisUficfl 


I cre nuc o( radisiion drL^rred 


center of 
implant 


Cold Or platinum 


i- liter 

St el brj ^ or monel 


Surface of 


implant 13o 

5 111 

7 lOo 

10 lOo 

15 10s 

.0 lOo 


0 3 mm 0 ^ mm 

lie 100 

10>) 100 

101 100 

103 lOO 

103 100 

103 100 


O 2o mm 0 S mm 

327 1ft 

142 124 

1-7 110 

12j 118 

124 IIS 

121 116 


GIa«!i see I 


3rro 

214 

1G7 

14S 

13o 
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Effect of Length —The lengtli of the implant is a \er\ important 
factor For a given number of me -or mg hr the longer the radiating 
source the shorter the distance at whiclt a gi\en dose is delivered bv 
a given implant or converselv the greater the amount of radiation 
necessarv to deliver one threshold dose at a given distance In Table 
16 are shown the percentages of the threshold dose delivered at different 
distances m tissue bj needles of different lengths for an irradiation of 
133rac-hr or 1 me destroved the filter being 0 5 mm gold 


See Chapter IX for definitions of these terms 
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Percentage threshold dose 


Diatnnee* 

0,5 cm 

1 0 cm 

2 0 cm 

cm 

ncodio 

needle 

needle 

0 5 

400 

270 

195 

1 0 

100 

78 

G7 

1 5 

41 

36 

32 

2 0 

28 

23 

20 

3 0 

14 

12 

11 

4 0 

7 

G 

G 


4 0 cm 
needle 

130 

51 

27 

18 

0 

5 


0 0 cm 
needle. 


* Djstances all measured along a lino potpondicular to tho needle at its center 


While the distance at which a given dose is delivered by a given 
quantity of radiation varies considerably with the length of the source, 
it should be mentioned that the total volume which receives a specified 
minimum dose has been shown to var}'^ very little. For a short implant, 
the volume receiving the specified dose is practically spherical, for a 
long one, it is more nearly in the form of an elongated ellipsoid 

Standards for the determination of dosage of gamma rays under 
different conditions are available. There are no comparable exact 
methods of measuring beta ray dosages The radiologist employs 
almost exclusively gamma radiations. The dermatologist employs 
both gamma and beta rays in the treatment of various skin diseases, 
including the cutaneous neoplasms. 

Formerl}^ radium dosage was based on the product of quantity of 
radium or radon emplo^^ed and the time it was used. The dosage was 
expressed in milligram-hours in the case of radium or milheurie-hours 
in the case of radon. Ex'pressing dosage in this manner carries little 
meaning. The distance, the filter, the shape and size of the applicator 
should be known. 

Due largely to the work of Paterson and Parker, gamma ray dosages 
can now be expressed with almost the same accuracy as x-ray dosage 
The unit of measurement is the roentgen and the erythema dose for 
gamma rays is 1000 r. For most conditions even the filter and the 
distance of the radium from the lesion have been standardized. It 
has been determined that the quantity of gamma radiation receive 
in one hour at a distance of 1 cm. from a point source containing 1 mgm, 
of radium element filtered through 0.5 mm. platinum is equiva en 
to 8 roentgens There are charts which can be consulted whic i ^ 
corrections for filters, distances and arrangements and sizes oi nee 
or tubes Dosage can be simply expressed by use of the toilovmg 


formula 


Dose = 


8 X mgm of radium X hours 
(dist in cm )’ 


roentgen 


The basis for radon dosage is different in that radon 
constant decay Each day the activity of radon is decreased by 16 
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per cent nnd in 3 83 d'l^ s the ictn »t\ has decre ised b\ nne half One 
milhcune of radon in tlie course of its complete dcca\ gi\es off 133 3 
millicuries or expressed difTcrenth , 1 milhcune destro\ ed is equi\ nlent 
to 133 3 milhcune hours The radiation effect is just like that obtained 
from 1 mgm of radium for 133 3 hours or 133 3 mpm of radium for 
one hour 

It must be emphasized that the tissue dosage \anes uith the area 
irradiated Tlius different biologic effects are obtained nith the same 
quantit\ of radium ^\!ien it is emplo\c<l on tlie surface of the skin in 
tlie ca\ities of the bod\ or interstitialK Vt the present time radium 
dosage is not simpl\ or accurittiv <letcnnmed Ihcre is still much 
empiricism m determining the do'^e of radium or radon This is partic- 
ularh true of beta“ra\ thcrap\ 
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THE TIME-INTENSITY FACTOR AND TISSUE 
RECUPERATION." 


^ The Bunsen-Roscoe Law. —In the early days of radiation therapj' 
it ■s^as generally accepted that the effect produced depended onlj* on 
the quantity of radiation administered, the intensity of the irradiation 
and time of its application being insigniffcant. Earlj' x-ray doses were 
stated in terms of railJiampere-minutes — and even at present some 
radiologists state ganuna-ra\ doses in terms of milligram-hours. It 
was assumed that the so-called Bunsen-Roseoe law, or reciprocity 
law. was followed. This laAV, as announced by Bunsen and Roscoe 
in 1862, applied to the darkening of photographic papers by light, and 
stated that equal products of intensity and time produced equal 
darkening, in papers of equal sensitivity. 

It would hardly be expected that a photographic paper and a living 
cell would behave in the same manner. The very fact that life processes 
were going on should ha%'e weight. Living tissues resist the action 
of injurious agents, and if this action is apph’ed slowly,' it might be 
e.xpected that resistance would be more effective. 

Protraction and Fractionation of Lradiation.— As a matter of fact, it 
has been known for some years that, in general, if a given amount of 
radiation is admim'stered slowly, either by continuous irradiation of low 
intensity, or in fractions with rest periods of some hours or days be- 
tween treatments, it is less effective in producing tissue cbang^ than 
if it is delivered continuously at high intensity. There are evidently 

two aspects to the question: (I) the effect of profractimi of madiation, 

or the use of low intensity, and (2) the effect of jracVionalion, or the 
interposition of rest periods between treatments. Of course the md^ 
^■idua^ treatments in the fractionated scheme may be of low or big 


intensity, with possible ^■ariation in results. 

Biological Experimentation — Protraction. — Much ^ biological ^pen- 
mentation has been done on the question of protraction, niany dinerty 
organisms and human subjects having been used. The cell is a ^ mg 
tmit which is continuously growing, pursuing a specific fraction an 
undergoing the processes of metabolism. It can adjust itself to c ang 
in its environment. It can recover from injurj' if not damage ^ 
repair. The ability of the injured ceU to adjust itself after mjm 
particularly noticeable after irradiation. Different cells reco 

— — - ■* — Soroe of tbe 


* In the last edition, this chapter tras revised bv Dr Edith H, Quimby 
material added by Dr Qiumby has been retained in this edition. 
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^a^\^lg degrees follo^Mng dinngc hj r'ljs of different lengths 
Different li\ing substmees such is seeds, fij eggs Iminin skin, immal 
tissues, etc , respond differcntlj to the effect of protnction or fnction- 
ition Tilt pncticil significince of this is tint infonintion obtained 
uitli one group of cells or uitli one biologic test object emnot be 
applied to mother 

If 1 gi\en iinount of ridiition is idministcrcd npidl} the effect 
on the tissue is more pronounced thin «htn it is idnnnistercd slouh 
b^ either fnctioniting the exposure or lowering tlic intcnsitv Ihere 
will he rec(ntr% of tlie tissues pro\ide<! the tiose is not i Ictlnl one 
No ipprccnbic hiologic iliffertnce will be noted if the totil dose of 
si\ 1000 r IS gnen in out imimttor in five inimitcs But if 1000 r 
Is given m one lustmcc m one niinutc iiid in inothtr it is idinmistertd 
it tlic rite of 5 r per minntt then there will be i different biologic 
rciction Ilolthuscn md Brum hive published curves to show 
differences in the production of ervthcnii bv using different intensities 
of ridntion Others tspeenllv Qininbv ind M icConib Miescher, 
Mntscbcllcr Mever uid Ia i bive studied tins problem Diti per- 
tumng to low voltage unfiltercd r-rivs were published bj us with the 
collibontion of Mutschcllcr A slurp crvthenn wis observed m an 
irei 2 l>v 2 cm when i do't of 43o r of unfiltercd low voltigc (52 kv ) 
j-rivs w is ulninustircd in one minute ^^hcn the mtensitj was 
reduced to 12 1 r per imnuti it took 010 r to obtim in crvthemi of 
eqinl mtensitv 

Ihc o\ict reason for tins difference in biologic reaction with differ- 
ences in mtensitv is not known bince licihng is dependent upon 
tune It Is reisoinblt to issinne tint the ilecrcisc m effectiveness of 
ridntion witli lower intensities is <luc to lieiling or rccoverj during 
the irndntion 

I his question is of clinic d importance Some ndiologists insist 
that better results ire obtained if ndntiou is administered it i verv 
low rite (2 to 4 r per minute) Others feel tint whether radiation is 
given it the rite of 4 or 40 r per iniiuitc, tlie time is still short in tom- 
pari'^on to the life evtie of the cell md the result should be the same 

Tissue Recuperation — \nother wi\ of stating the fact tint ridn- 
tion of lower mtensitv produces i less marked result is to siv that the 
tissues will tolerate 1 larger dose of radiation if it is administered slowlv 
It IS also true tint thej will tolerate more if it is administered in frac- 
tions Tins must be because of recov erv processes If these processes 
were the same for all tissues varjing the rate of administration of 
radiation would be of no clinical significance Bv protracting or frac- 
tionating the radiation greater doses could be administered the normal 
tissues would tolerate more, but so would the diseased cells, and the 
final result would be the same However it has been found chmcalh 
tint in mmj tvpes of malignant tissue, it is possible b\ duiding the 
doses to produce regression of the lesion without marked permanent 
damage to the normal structures, whereas this was usually impossible 
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with a single massive dose. This means that recuperation must pro- 
ceed more rapidly in the normal than in the diseased tissues. 

Experiments on Human Skm.— In this regard, only observations on 
human subjects^ have any value clinically. Studies regarding frac- 
tiomtioii are easier to make than those regarding ’protraction, and will 
be discussed first. Such studies have been mainly conducted on the 
skin reaction, because of its ease of observation It is, moreover, 
important, since in much radiation therapy the limit of skin tolerance 
is the limit of the radiation which can be administered. 

After a sublethal dose of .r-rays has been applied, how long does it 
take the cells to recover? The recoi'ery rate was first described by 
Kingery and for over a decade his ideas of the rate of partial recovery 
of cells injured by .^e-rays were accepted. Kingery supposed that 
irradiation produced some hypothetical decomposition product in the 
tissue and that recovery ivould be in direct ratio to elimination of this 
product. On clinical observations ICingery determined that skin 
receiving one erythema dose of loiv voltage unfiltered .r-rays recovered 
in tiiree weeks. It was therefore calculated that if a certain dose is 
administered and 18 per cent of that amount is given daily, the tissues 
would remain at the “saturation” point. Others determined that for 
high \mltage heavily filtered .r-rays the factor of 6 per cent was em- 
ployed. Pfahler and Weatherwax extended the use of the saturation 
method. The wmrks of Coutard showed that better results in the 
treatment of carcinoma of the larynx could be obtained if the total 
dose could be divided over a period of approximately one month. 
Over this period of time a much greater dose could be tolerated by the 
tissues than if it was given at one sitting, 

Qmmby and MacComb and Reisner approached the problem from a 
different view point. They administered a single dose of .x-rays neces- 
sar}'^ to produce a visible reaction, then the amount which was neces- 
sary to produce the same reaction wdien the dose was divided into 2, 

3, 5, 7, etc , equal daily irradiations. These tests showed that recovery 
is much more rapid the first day after irradiation than during su se 
quent days The reader is referred to the article by Mutscheller tor a 
full discussion of this question concerning recovery function of irradi- 
ated tissues. It has been found that different tj'pes or ce s la 
different recovery rates. This serves as a basis for frac lona 

In tumor therapy, fractionation offers a decided 
massive therapy and all the experimental data on f 

after irradiation should serve as final evidence of the a J j. 
often-repeated small doses of rays over a single irradiation 

cells and skin cells recover at different rates 

all the cells recover to some extent, but j skin cells 

tissue Finally a state is reached m which the damaged 

recover and the tumor cannot regenerate experiments 

Saturation Techmc.-It is interesting m ordinarily 

just described, to return to the saturation techm . 
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an imti'il dosc slightl} less tlmn the threshold is followed b\ small 
diiK increments It is apparent that recuperation from the first dose 
would nlwa\s be greater than that indicated b\ the constant factor 
assumed for this technic Successive doses would be recovered from 
less and less until the recuperation from the accumulated dose might 
be even less than the saturation figure That this is true is indicated 
bv the following observations When saturation technic is used for 
high voltage, heavilv filtered radiation, a skin reaction is seldom ob- 
served On the other hand for verv soft radiation it has been found 
that visible clFccts arc prtKluccd when tlic dose is theoretically below 
the saturation point Ihis would be expected if the recuperation factor 
u'^ed were somewhat greater than the correct one for the last part of 
the curve even if it were less than the correct one for the first few days 
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agent as po'n'erfu] in producing biological effects as .T-ra^^s or 
gamma ra^\ a is a potential danger, Persons exposed over long periods 
oi iiroc to^radiations of even ]ow intensity develop serious and lasting 
injuiies. Iffe a^nal amoujjt of radiation vLicii can he tolerated hy 
the average individual cannot;, of course, be determined accurately. 
By collecting data from a number of ar-ray departments regarding the 
amounts vbich have been tolerated for long periods of time by techni- 
cians and radiologists, varioms investigators have arrived at conclusions 
that from 0.01 r to 0.1 r of total bodA' radiation per day will produce 
no ill efiecls. Localized regions, such as the face or hands, could doubt- 
less stand wore. 

The dangers are, of course, of two t\pes, local and systemic. The 
possibiiitie'j of both must be borne in mind, and both must be guarded 
against. 

Protection from X-rays, —It is necessary to surround ar-ray tubes witb 
sufficient lead (or other absorbing materlab so that no radiation can 
escape except through the portal directed at the desired held on the 
patient. Even -^o, no one should be allowed to remain habitually in the 
room where treatment is being given, and this room must also be 
v.'alled with protective material, because the patient’s bodj' scatters 
radiation out of the beam in all directions. 

The Bureau of Standards has determined the amount of protection 
necessary for different ty'pes of installations. The followng is quoted 
from the Bureau of Standards Handbook No. 15, on .x-ray protection: 

“Special Requirements for Apparatus of Class B. (T-ray in^l- 
lations for superffcial therapy at voltages up to 140 In', peak) Pj"®* 
ieciion from Direct Radiaiion. 

“A protec'tive enclosure shall surround the entire x-ray pjbe so tha 
direct radiation is shielded off in all directions by protective materia 


of 2.5 mm, lead equivalent. , 

“This equivalent thickness may be reduced by an amount equa 
to the thickness of the lead lining of the room, except that in no case 
shall less than half of the lead protection be provided by the u e en 
closure. In the case of x-ray tubes ba^'i^g built-in 
immersed tube.-? in protective tanks, the protection shall be , 

to that in Table 2. (Table 2 provides for 2 5 mm. of lead for loU K 
TMiere the built-in protection is insufficient, additional pro ec 
any direction shall be added up to the required amount. 

* In the last edition, this chapter -nas reiised by Dr Edith H, Quimbj. 
material added hy Di’- Quimby has been retamed in this edition 
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“\Micn the a* tube is so 'imnged that the ndntion can onI\ be 
taken ofT m one fixed direction, a sheet of lead 2 5 mm thick shall be 
placed m the path of the direct and ii‘4efiil beams, on the floor, v.a\\, or 
ceiling opposite the diaphragm Ihis lead sheet shall extend 1 foot in 
ill <hrtctions bc\ond tlie edge of the x-rax beam determined bj the 
largest po'ssible aperture in the tube enclosure 

^^^lcn the x-ra\ tube is <:o arranged that radiation can be taken ofT in 
«e\cnl directions, all parts of the room uhich ma\ possibh be reached 
b\ the direct or u«cful beam of radiation shall be lined uith sheet lead 
2 5 mm thick I he lead lining of this thickness shall extend 1 foot 
be\ ond tlic edge of the beam for nn\ position of the tube enclosure ith 
Its large ■'t possible diapliragm aperture ^^^lcn there is an\ doubt as to 
the limits of tlie beam the uhole room should be lined uith 2 5 mm 
of lead Protection from <hrcct and useful radiation as indicated in the 
preceding paragraphs ma\ he omitted onh on sides adjacent to per- 
manenth unoccupied rooms or outside building walls 

‘Protectioii from Scattered Radiation —In the case of the preceding 
paragraphs, the entire remaining portions of the room shall be lined 
with sheet lead 1 5 mm thick x\ll control apparatus shall be located in 
an adjacent room, or in a completely enclosed well-\entilatcd booth, 
lined with 2 5 mm lead Sucli a room or bootli shall be pro\ ided w ith 
a suitabK large protectiic glass window or windows of 2 5 mm lead 
equiaalent, so placed as to afford rcad\ xiew of the patient and meters 
while the operator is in a normal and comfortable position 
“The tube container and treatment table should be so arranged that 
the useful beam points awa\ from the technician’s booth, offices, etc 
‘ \Mien thermionic rectifiers arc used, thet shall be either placed in a 
separate room or surrounded b\ protectue material of 0 1 mm lead 
equi\alent 

Protection from Radium Rays —With regard to radium the dangers 
are of two types In liandling tubes needles, and small applicators, 
unless due caution is exercised the fingcn> of the operator recei\e con- 
siderable exposure This can be a\ oided by care alway s to use forceps 
and ne\ er touch a preparation w ith the fingers Forceps w ith a shield 
similar to that of a fencing foil are desirable 
E\en if one does not handle radium but is in its \icmiU there max 
be exposure to gamma raxs xxhich are xery penetrating Much more 
lead IS required to reduce these to a safe minimum than is the case 
with X rays Fortunatelx the radium containers are small and can be 
kept m massixe safes The txxo main factors in gamma-ray protection 
are to place the radium as far axxay as possible and to use lieaxy pro- 
tectixe material The greater the distance, the less lead is necessarx 
Table 17 is dextloped from data obtained at the Memorial Hospital 
Carrxing boxes for transporting radium about the hospital, should 
he lined with at least 1 cm of lead, and haxe sufficientlx long handles 
so that the radium is carried at or ^low knee lex el Better still more 
lead should be used and the earner mounted on wheels All mampula- 
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tions should be done behind lead blocks or benches, and should be 
earned out as rapidly as possible. 

In handling radon, it should be remembered that there is very little 
beta- and gamma-ray activity during the first half hour, and, insofar as 
possible, manipulations should be carried out during that time, little 
protection then being necessary. Measurements are not usually made, 
however, until the condition of equilibrium has been reached, or the 
tubes have attained full strength. After this, radon tubes require 
the same protection as the corresponding amount of radium 


TABi.n 17 — Adequate Lead Photection at Vabious Distances fbom Radium 

SooncEs 


Tliickncss of lent! to civo tolernncc dow at the folloiwng ilialnncca !rom 


Quantity 



radium 




Ul / 

(0 5 mm Close 

25 

SO 

1 

2 

5 

10 

Pt filtration ) up 

cm 

cm 

meter 

metcrB 

meters 

meters 

Gm. Cm 

Cm 

Cm 

Cm 

Cm 

Cm 

Cm 


0 05 

0 6 

5 6 

0 2 

11 5 

8 6 

0 5 

13 0 

10 5 

1 0 

14 5 

12.0 

2 0 

15 5 . 

13 6 

5 0 

17 0 

16 6 

10 0 

18 0 

17 0 


2 5 

5 5 

0 5 

2 5 

0 5 

7 5 

4 5 

2 0 

9 0 

0 0 

3 0 

10 5 

7 6 

4 6 

12 3 

9 6 

G 6 

14 0 

11 0 

8 0 


Tolerance 
distance 
luth no 
lead 
Meters 

1 
2 

3 6 

4 5 

10 6 5 

2 6 0 5 10 6 

4 0 16 14 5 


Determination of Adequacy of Existing Protection.— The question 
often arises as to whether a given department or installation has ad^ 
quate protection, or whether a given individual receives too much 
radiation in the course of liis work. There are two simple methods of 
determining this One, which requires no special apparatus, is a test 
with photographic films, A strip of film, wrapped in black paper, maj' 
be carried in a pocket, or posted at any questionable location, for a 
week or two. Standard films are prepared by exposing similar strips 
to known amounts of .r-rays of the order of 0 01 r, 0.02 ^ ^ 

very small amounts can be obtained by using long target-film 
Thus a tube which gives 20 r per minute at 50 cm. will give at 2UU cm 
1 25 r per minute or 0.02 r per second ) All films, test and standar , 
to be developed simultaneously, for the same length of time, m me 
same developer By comparison on a light box one can J , 
mine whether a given test film is darker or lighter than amount 
ard The method does not give an accurate „hoto- 

of radiation received by the test film because of the fac , 

graphic film is more sensitive to soft raj^s, of winch e , , 
tion is largely composed. It does, however, furnish a s^tisfac y 
of checking up on the question of protection (bee • 

Even more simple are the small “protection 
available on the market These are actually small ^®tion ch ^ 
with self-contained electroscopes, made about the s P jj 

fountain pen, so that they may be 

contain a scale calibrated m roentgens Like P ® ^^ent of the 
these instruments do not give a very accurate measureme 
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ndiation to which thc\ are cxpo'^ed, but do show rendih whether it is 
within the safe range 

Protection from Electrical Shock —In addition to safeguarding per- 
sonnel against excess irruhation the electrical hazards connected 
witli an\ high ^oltagc installation must be borne in mind With the 
de\tlopincnt of modern slmckproof equipment, main of these dangers 
are remo^ed Howe\cr, constant and rigid supercision of all electrical 
apparatus should be maintained \1I cables, plugs and switches should 
be of the proper rating for the loads the\ arc to carrj , and fuses should 
be of the proper strength Proper^ designed, quick-acting circuit 
breakers should nlwa\s be interposal between the transformer and the 
suppK circuit, set to trip at about 20 per cent o\ erload on the primar\ 
All high tension equipment must l>c made inacces'sible bj means of 
either an insulating or a groiiiulctl barrier, or placed in a separate 
room In an\ case, an automatic switch slioiild be so installed in the 
door tint tlic transformer is shut off whenever the door is opened 
With such a swatch, it should be impossible to turn the transformer on 
again when the door is close<l except from outside 
All permanent overhead high tension sv stems should be constructed 
of metal rods or tubes and placed at least 7 5 feet from the floor, 
unless thev arc in a complctclvmaccossible p irt of (lie room and should 
be ndequatelv supported 

U1 vvatcr-coolcfs should lie cither mailc of metd or thoroughlj 
protected against breakage and anv glass gauges likewise shielded, 
wlicn the cooler is m a trevtment room 
Metal parts of apparatus, such as tube stands, transformer tanks, 
controls, etc , should be permancntlv grounded to a water pipe 

\n additional precaution winch it is advisable to take with air- 
cooled tubes IS tlic mounting in the diaphragm of the tube container 
between the tube and the filter of a lavcr of asbestos board at least 
1 mm thick to prevent a melted target from falling upon a patient 
Shockproof Apparatus —Modern shockproof apparatus is also x raj 
proof The housing of a- ra^ tubes is gencrallv lead lined, allowing 
a-rav s to leav c the apparatus onlv through the appropriate opening and 
these rav s arc directed to the area under treatment Thus x-raj s from 
shockproof apparatus designed for dermatologic purposes are generallv 
directed (low nw ards tow ard the floor Occupants below the treatment 
room are protected bv the thickness of tlie flooring, the material of 
which the. flooring is built and the distance from the tube to the occu- 
pants of the floor below Ihe amount of scattering from the patient 
IS negligible especially if small areas are being treated Walls lined 
with lead of 0 1 mm thickness are more than adequate for shockpreof 
installations of 100 kv or less 

The shockproof cables are not entirely safe The rubber insulation 
does wear and the cables will break down It is necessary for absolute 
protection that no part of the apparatus or the cables is m actual 
contact with the patient or with the operator during an exposure 
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ICvcn witli shockproof apparatus the operator has to be constantly 
on tlic alert to prevent x-ray or eJectneal injuries, 
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The ^rJtllmctlc^l nn.tljo<l of enmpiititi? j-rn 'll tlic surface 

of the skin c\o 1 \c <1 In Shearer \\ithcrbec and Remtr, and 
"NracKce flic inctlio<I «er\e<l a useful puriKi'^e for inan\ acars and 
uith mo<^lfic'^tlon^ it ''till u-'cful Whenont k^o^\s the qmntit\ of 
radntion ohtuncil with a pi\c II install itioii it is pos>.il)lc b\ utilizing 
four well known liws nr rules to dctiniune the quantit\ of radiation 
wlien am clnngt i-' made in the factors 

In am j" ra\ tlicrqx’utit •technic there m four factors tint ire 
e\tremol\ import int natiicK milliam|>eraei \olticc time and 
distance If tlic-'i constants irc acenriteand irc m untamwl tlirough- 
out the cv|K)surt i definite quuitit\ and (jiiilit\ of ridntion will 
reach tlic skill \ml issummg that no error is made cNori tune that 
these comtints arc u c<l with the «ame ippiratus tube and instru- 
ments under the s^lnc working conditions qinntiti and qinht\ of 
ndntion will he approvim lUK the Mine 

Rules — riurc ire cert iin fiindanuntal ph\sieil 1 iws th it appl\ to 
all electromagnetic w i\es cm untiiig from i point «oiirce These are 

1 Tlie intensitv of radiition \arics as the stjiiarc of the ^oltage 

2 Ihe mttn«it\ of radiation varies as the millnmpenge 

3 llie intcnsitv of radiation \ants as tlie time 

4 Ihe intcnsitv of ndntion vanes inverseb as the square of the 
dl^ta^ce 

In lOlo ‘sliearer c\prc'-s(<l these rules m the following formula 


Intcnsilj 


miUiaropcracc X kilo\oltaci’ X lime 
di tanct’ 


more brieflv it mav be expressed as 


Ma X K\» X T 
D» 


where I = intensitv 

Ma = milliarnpcnge 
K\ = kiloNoltage 
r = time of exposure 
D = anode skin distance 

It should he understood that anthmetical computation as here 
outlined pertains onlv to superficial therapeutic work with uiifiltered 
^ ra\s that the voltage range is from about CO to about 150 kilovolts 
and that the estimation is for the dose that reaches the surface of the 
10 (149) 
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skin and measured in air. It is important to realize that "distance” 
means from the anode to the skin, and not from the glass wall of the 
roentgen tube to the skin. 

Intensity can be measured with satisfactory accuracy by any derma- 
tologist or roentgenologist, after a little practice, with one of the 
standard ionization dosimeters in terms of roentgens (r). The milli- 
amperage can be read directly from the two milliammeters. To 
ascertain the length of exposure a stopwatch is used. The distance 
can be measured m inches or in centimeters. The kilovoltage for each 
x-ray apparatus is usually determined by means of blunt points or 
5-inch sphere gaps under standard conditions of pressure, temperature, 
and humidity. Therefore, with any given outfit the kilovoltage is 
obtained from the voltmeter. 

It should be kept in mind that different tubes have different 
distances from target to glass wall, that the glass wall of different 
tubes ^arles in thickness and that the output from different .r-ray 
machines, even when of the same type and from the same manufacturer, 
varies (MacKee and Cipollaro and others) Therefore, a set of factors 
or constants is accurate only for the given complete x-ray outfit. 

Under these conditions, any of the constants may be changed and 
the dose arithmetically estimated. Such estimation is, of course, thera- 
peutically meaningless without a biological standard or point of 
departure A standard may be obtained by producing erjdhema on 
human skin with a definite set of factors, which amount of radiation 
can be measured in roentgens. Such a standard is open to justifiable 
criticism, but for practical superficial work it is satisfactory. 

Remer and Witherbee, and MacKee determined that the following 
constants, when used with their apparatus and tube, would evoke 
erythema on human skin of average radiosensitiveness: ma .3, kv 64 
(approximate), time, five minutes; distance, 8 inches. This formula 
was accepted and used as a standard erythema formula by American 
dermatologists for many years It was called an arbitrary unit (the 
unfiltered skin unit, approximately 300 r) and it was used as a basis 
for arithmetical computation Those who desire to ascertain the 
details of the experimental work are referred to page 255 of the second 
edition of this book Now that it is known that such a formula is 
accurate only for one transformei, tube and set of instruments, and 
now that both skin effects and ionization dosimeters are used to check 
results, the arithmetical method as originally published is no longer 
employed. 

Let us assume that a certain x-ray apparatus yields 300 r (measured 
in air) when the following factors are used: 3 ma , 100 kv , two 
minutes’ exposure, and a skin focal distance of 8 inches No filter is 
employed and the area exposed is not less than 4 square cm ; oOO r 
measured in air with a calibrated Aictoreen r meter has been accej^ed 
as the erj'thema dose as well as the epilating dose for unfiltered radia- 
tion. How, then, are arithmetical computations applicable? 
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In order to demonstr'ite the pncticn! application of arithmetical 
computations, the following examples are guen 

Int w ill the output be if the time is increased bj one minute’ 
e w ill first determine the constant called IC for the abo^ e apparatus 
which IS cqui\alcnt to 300 r 

3 X 100* X 2 

K - 

8* 

K. - aOT «0 

937 50 is a number w Inch is dcri\ cd b\ w orkmg out Shearer’s formula 
using the abo\e factors Tins number represents the ervthema dose 
or 300 r 

B\ increasing the time h\ one minute the output will be one and 
a half times the cr\thema dose, or 150 r 
Tt IS deri\ed thus 

3 X 100* X 3 

- 1400 25 

8 * 

140f 25 037 50 - 1 5 

1 5 X 300 t - 450 r 

\Miat Will be tlie dose if tlie \oltage is doubled’ 

3 X 200* X 2 
- 3750 

S* 

3750 •*. 037 50 - 4 

4 X 300r « 1200 r 

B\ doubling the \oUago the output will be 4 times the er\'thema dose, 
or 1200 r 

IMiat will the dose be if the millnmperage is doubled’ 

f X 100’ X 2 

1875 

8* 

1876 -»• 937 50 = 2 

2 X 300 r = 000 r 

B\ doubling the milliamperige the output w ill be tw ice the erj'thema 
dose or 600 r 

Suppose the distance is increased to 16 inches, what w ill the dose be’ 

3 X 100* X 2 
= 234 375 

16* 

234 3<5 - 937 50 = 0 25 
0 25 X 300 r = 75 r 

Bj increasing the distance to 16 inches the output mil be one quarter 
the erj thema dose or 75 r 

If the operator finds it more con\enient to employ 2 milhamperes, 


/ 
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120 kilovolts, and a distance of 8 inches, how much time will be required 
tor the administration of 1 skin nnit*^ 


2 X 120^ X T 

s* 


037 50 


T lepiesents time in minutes. 

2S,S00 T 
64 


= 937 50 


T = 937 50 X 64 - 2S.S00 
T = 2 OS minutes 


The time of 2 minutes and 4 S seconds would be lequired to produce 
300 r when using 120 kilovolts and 2 milhampeies 
These examples are sufficient to illustrate the practical application 
of the formula method for dosage determination. 


Constfints Ma 2, Kv 100, D S inches 



300 r 

Fig 62 — Dose chart for unfiltered supeificial therapj' 

Constants Assuming that a given appai'atus yields 300 r iWien the 
following factors are used, 2 Ma , 100 Kv , S-mch skin anode distance 
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and on exposure of three minutes, then Tir G2 mu be used to de- 
teninnc friction'll p irts of in er\ thenia dose 

An\ set of constints desired bv the operator, that mil approximate 
the unfiltercd cr>thtinn do-c or skm umt, nnd that has been tested 
bioloRicnlU and \Mtli an ionization dosimeter, im\, of course, be the 
standard for Ins tlienptutic technic 1 rom such a formula one ina\ 
in ike a simple fractional dose chart b\ \ an mg the tune factor (Fig 02) 
This particular chart js from the Inst fonnula giscn abo\e It mil 
be noted that in the*clnrt the time for the er^-thema do^e is tliree 
nnnnteb Hus chart^has heen used bv the senior author for nianv 
vears It is a m^^c plan for the beginner to decide on a formula, 
standardize it bv skin effects and b> ionization, nnd not change anv 
constant except tlic time factor for the purpose of increasing or decreas- 
ing the dose The abov e-inentioncd chart indicates the erv thema dose 
or nnfiltered skin umt and fractions tlicreof, obtained simplv bv 
altering the time factor m accordance with the law given at the begin- 
ning of this chapter It is a good plan to place such a chart on the 
switchboard It might be interjected that the skin unit, er> thema 
do^e, and the epilating dose for scalp hair m cduldrcn, when propcrlj 
standardized, arc the same The skin unit will effect erv'thema of 
the skin of tlic bodj but not of the scalp If the operator desires to 
varv voltage, or to alter tlie distance factor, or the milliamperage, the 
approxun itc resulting surface do*«e iwa> be ascertained bj anthmetKal 
computation 

Possibility ol Error —Arithmetical computation is su'^eeptible of 
gross error ITic beginner is adv i-socl to av oid it except for the purpose 
of obtaining a let of constants litn a formula has been selected or 
altered, it should be tested bv lomzntion and biologicallv on the oper- 
ator’s skin before the technic is cmplov ed thcrapeulicallv The sev eral 
sources of error are herew ith appended 

1 — Tbeopentormaj not be an expert mathematician 
L ick of mathematical abilitv and an attempt to do the w ork quickh , 
mav lead to errors 

2 Spark Gap —It has been the custom for manj to consider v olt igc 
and spark-gap lengths os sjnonjTnous Such assumption is correct 
onlj when the relation between voltage and spark gap is proper!' 
interpreted For instance, 64 Kv are requu-ed to spark over a 3 inch 
point gap whereas 100 kw are required to spark over a 0 inch gap 
It IS obvious that doubling the spark gap does not double the volt- 
age Therefore, spirk gap lengths, used for arithmetical computation, 
are inaccurate unless nccessar> corrections are made 

Spirk gap estimation of voltage is accurate for practical purposes 
when done b> an expert using sphere gaps It is usuallv the basis for 
voltage calibration Discrepancies ore noted in the estim ition of 
spark gap lengths bj different operators Ihe readings virv mth 
gaps of V anous tjpes and with spheres of different dimensions There 
mav be some variation between comparative spark-over values with 
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apparatus of various types. Finally, temperature, hmnidity, dirt and 
altitude, affect spark-over ^-alues. Over 80 kilovolts, S-inch spheres 
instead of blunt point gaps give more accurate readings. The spheres 
should be kept dry and polished. Fig. 63 illustrates the differences in 
sparking voltages with point and sphere gaps without correction for 
altitude, temperature or humidity. 



3. Voltmeter —The voltmeter on a:-ray apparatus records the voltage 
applied to the primaiy* of the transformer. It does not measure the 
Idlovoltage in the secondary circuit; that is, the voltage applied to the 
x-ra 3 ’ tube; although man^’^ modern shockproof apparatus are so 
calibrated as to indicate the voltage in the secondary’ circuit. 
calibration ma^' be accomplished in various waj's, but it is usually 
done bj' means of the spark gap. Five-inch spheres are used becai^e 
tbe 3 ' are more accurate tban blunt points. Calibrations may be 

obtained in the following manner: 

The spark-gap length is set and accuratekv measured with calipers 
A definite amount of current (assume 2 milliamperes) is then passed 
through the z-Ta.y tube and voltage is increased until a small ^ark 

jumps the gap. Voltage and milliamperage are mamtained and e 

gap ^dened The terminals of the gap ap now very f "ly 
until a spark jumps. This is done many times m order to avoid tbe 
temporar\^ effect of surges, line fluctuations, etc. Then the voltmeer 
reXg is teken. AssuiSe that it is 90 for a 6 inch pomt pp at sea level 
witb average temperature and humidity^ or equivalent length be 
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spheres of anj gi\ en size J his combination is compared ith \ oltage 
charts supplied h\ manufacturers or ph\sicists such, for instance, as 
big 63 i\lnch «ns made Mr II D Gnrretson from data obtained 
from Tranaacliojis of the American Institute of Lkdncal hnginecrs 
37, 1801, 1918 The peak voltage is seen to be 100 kilovolts 
For the given apparatus, therefore, a voltmeter reading of 90, vvitli 
2 inilhamperes of current, represents secondnrv peak kilov oltage of 100, 
and this voltmeter reading, on the same apparatus with the *>ame 
amount of current, will represent 100 kilovolts regardless of alterations 
m heat, humiditv or altitude In this manner voltmeter readings, in 
terms of seeondarv voltage, are obtained for everv practical combina- 
tion of spirk gap length and inilliainperage The use of point gaps as 
described above la not an accurate means of determining high tension 
voltage but it is practical and &uflicientl> accurate for dermatologic 
rocntgenotlierapv Ihe use of movable sphere gaps determines high 
voltages with greitcr aecuraev 

Voltmeter readings must be tabulated m relation to both spark gap 
and current Thei art valueless for spark gap or voltage alone As 
an example, assume a combination of 2 milhampcres, 0 inch point 
gap and pnmarj voltage 92 Now increase the milluroperage to 3 
maintain the same gap, and the voltmeter will register 100 If milli- 
amporage is increased to 4 and a spark is made to jump across the gap, 
the voltmeter will read 104 In otlicr words, with increased current 
greater pnmarj voltage is required to maintain seeondarv voltage 
There will be greater variation m this respect vvitli rheostat than with 
autotransforiner control Tlie above figures were obtained with a 
combination autotransforraer and small fixed resistance control 
It IS necessarj , therefore, to calibrate for cv crj practical combination 
of voltage and milhamperagc tint tbe operator is likelv to require 
If the ' oltmeter is repaired or changed, a re calibration is necessarv 
The beginner must understand wlien discussing x rav tcehnic that 
V oltage means the \ oltage that is applied to the tube—the kilov oltage 
not tbe voltage that is applied to the apparatus, in other words, secon- 
dary and not primary v oltage, and th it tbe v oltmeter measures primarv 
voltage Therefore, the numerals on the voltmeter cannot be used 
for arithmetical computation The voltage factor must be expressed 
in kilovolts lurthermore when the apparatus is mechanically recti 
fled, the term voltage used by roentgenologists refers to peak or crest 
voltage, not the A C voltage or mean voltage 
4 A-pparatua of Different Type —For a number of years all trans- 
formers Used by dermatologists were of similar design, and even when 
obtained from various commercial concerns the output was approxj- 
matelv the same Now, iiowever, there are a number of new standard 
tvpes m addition to the old standard tvpe, which is being used and 
will continue to be used by dermatologists for a long time Hence 
some types of apparatus have one transformer and a single mechanical 
rectify mg sw itch Others are of the tw m tj pe w ith tw o transformers 
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and two rectifying switches. Rectifying switches may have angular 
or spherical metallic electrodes Some machines aie equipped ivith a 
rheostat, others with an autotransformer and still others have both. 
Then there is the booster tj pe. Finally, there is kenotron rectification 
with the number of tubes ranging from one to eight. 

Without going into further detail, suffice it to state that the output 
is dffierent lor machines of the same type from the same and different 
manufacturers. Therefore, voltmeter, spark gap or other calibrations 
for one machine may not be correct for another apparatus, 

5, Erythema Dose. — There is no absolute standard for the erythema 
dose. There are many reasons for this lack of standardization. The 
amount of radiation required for an erythema varies with sex, age, 
location, etc. Also, there is no .standard tint or accepted amount of 
er3i;hema. Furthermore, the toleration of the skin is considerable for 
difi’erent amounts of radiation, that is, a dose variation of 50 per cent 
or more may be difficult to detect by visible skin effects Erythema 
varies ivith the quality of radiation and w’ith the type of apparatus 
used— whether it is rectified mechanically or by valve tubes. Large 
areas will react more vigorously than small areas. It is customary 
to use test areas about 1 inch square. 

6. Coolidge Tvhe Vuriahons. —This subject is discussed in Chapter V, 
Formerly the output from different Coolidge tubes .showed a variation 
of over 50 per cent, i\Iodern tubes vary much less in output. 

Advice to the Beginner.— It should be obvious from the foregoing 
that it is unwise to attempt a universal technic based on arithmetical 
computation; that is, a definite, simple, standard technic that can be 
handed from one operator to another. 

One may employ arithmetical computation advantageously by 
confining it to personal technic wuth one apparatus and one set of 
instruments However, it is necessarj'^ that the output from the appa- 
ratus be first determined by the ionization method so that the number 
of roentgens per minute for a certain set of factors is known. Uien 
the operator may use a formula such as the one given in this chapter 
for the .skin unit This .should then be tested on the operator’s skin 
If a slight erythema results the formula may be used as a standard for 
the particular apparatus — from Avhich other formulm may be computed 
if so desired. If no eiw'thema results, it is necessary to test again. 
If the reaction is too sharp, another test should be made, \\'hen a 
formula that represents a do,se that has been given, or is to be given, 
is handed Irom one operator to another, it should include the following 
information; 

1. Type of apparatus 

2, Peak voltage, milli amperage, tune, and distance 

.3, Thickness and character of filter if one is used 

4, The surface dose measured in roentgens without the enect o 
back scattering. 
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5 Hie size and mniibtr of fitids exposed and the number of 
fields treated per da\ 

0 Intcnsit% dtli\crcd in a gi\en tune or ntt of ndniinistntion 
7 1 he total cmnulatiN e dosage gi\ cii 
S Skin — target d i-^tancc 
9 Duration of exposure 
10 Intcr^al between exposures 

It has been custoinar\ to speak in terms of the cr\ thema dose or the 
skin unit I or instance, one dtnnatologist rtfers a patient to another 
m a distant cit\ \Mtli a rique^t that i skill unit (or i erNthcnia dose) 
unfiltered x ri\s be applied to a certain irea on a gi\cn dite These 
tenns ha\t been iinncrsal in this couiitrx and reprc'cnt something 
reasonabh definite Assuming that eacli dermatologist has had liis 
ipparatus and technic properle checke<l and calibrated the dose gn cn 
b\ each operator amU lie approximateh the same— not In an% means 
scicntificallj accurate, but sufIiciontI\ so for ])netical purposes 
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CHAPTER XVI. 

PRACTICAL A-RAY TECHNIC FOR THE BEGINNER. 

It is assumed that the novice has read the preceding chapters and 
that modern equipment has been installed. We are now ready to 
establish a working technic for practical therapeutic purposes. Appa- 
ratus now in use by American dermatologists is for the most part of 
the mechanical rectification type, but each year a larger number of 
dermatologists are equipping office and clinic with apparatus of the 
kenotron type and shockproof installations. Therefore, the technic 
about to be described is applicable to both types of equipment. Ihis 
chapter deals only with unfiltered a:-rays, except where the filter is in- 
herent in the apparatus, which is the type of radiation routinely 
employed by dermatologists. 

The unit of measurement is the roentgen. All doses are expressed 
in terms of the internationally accepted unit. 

Ionization dosimeters of the thimble type are available and their 
use can be mastered in a reasonable length of time by dermatologists 
or radiologists. They ofter a quick method for the direct measure- 
ment of quantity of radiation. It is not recommended that every 
dermatologist purchase and use a dosimeter. Dermatologists in large 
and moderate-sized cities do well to have their equipment checked and 
calibrated periodically by a qualified physicist. Only a physicist can 
supply physically accmate measurements. 

We ha^^e now to consider, from a purely practical .standpoint, three 
possible technics, namely, direct, indirect, and a combination of 
the two. 

DIRECT TECHNIC. 

The so-called direct method consists of measuring the total quantity 
of x-rays reaching the skin by means of ionization dosimeters. The 
measurements are made in air without the effect of back scattering. 
Photographic radiometers are now obsolete. Some dosimeters are so 
constructed that the dose may be measured directly while it is being 
given. Others measure the quantity of radiation output per mit time. 
With special filters and an ionization dosimeter, the quality of an 
.r-ray beam may he determined utilizing the principle of the half- 
value layer. Alumimun is the metal used for voltages generally 
employed by dermatologists. 

INDIRECT TECHNIC, 

The so-called indirect method of estimating roentgen dos^e ante 
dates all other schemes of measurement in practical uork. e es i 
( 158 ) 
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mation is iindt bj means of \oltnge, milliamperage, time and anode 
skin distance Before the advent of the mterrupterless transformer 
and tile Coohdge tube, the method was exceedingly unreliable and 
gave v\av to the so-called direct technic (pastille and photographic 
radiometers, etc) Ihe chief requisite of indirect technic is abilitv 
to control voltage, or abilitv to cstablisli certain technical factors or 
constants and to maintain them or vary them at will ^lodcrn appa- 
ratus and instruments supply this demand reasonablv well Ihe 
indirect technic is U'ed to <;ome extent bv American dermatologists, 
but It has given way largely to the so-called combined technic, as 
should be the ca^c 

COMBINED TECHNIC 

By combined technic is meant indirect technic which is frequcntlv 
checked or controlled b\ ionization and skin effects Great adv ances 
have been made in the past few vears and it is now possible to use 
ionization dosimeters without special knowledge of phvsics These 
mstruraents arc sufficientlv accurate and reliable With a little 
practice an\ dermatologist can use one Manv dermatologists check 
the indirect tcchnic biologicallv (skm effects) or with an ionization 
dosimettr, while otlicrs have the apparatus, instruments, tube and, 
in fact, the entire technic checked at regular intervals b\ a phxsieist 

e adv ocate periodic checking— y early , or when any repairs or changes 
are made in tiic equipment fins sliould be done bv a phvsicist 
qualified to check quahtv and quintitv by tlie ionization method 
Biologic checking (skin effects) is nccessarv to collaborate phvsical 
findings 

In electrical or indirect measurement there are four factors which 
are of the greatest importance, namely, milliamperage voltage time 
and distance Ihese are the factors or constants that establish the 
tcchnic If v\t employ 2 inilhampercs of current 100 kilovolts, a 
distance of 8 inches and an exposure of three minutes assuming that 
the&e factors remain constant throughout the exposure, a definite 
amount of radiation will reach the skin It is obvious that every 
time the-^e constants art used with the same apparatus and tube, and 
the same working conditions, the same quantitv and quahtv of radia 
tion will be produced With different apparatus, even of the same 
manufacture different quantitv and quality of radiations are produced 
Therefore lontoquantnnetric measurements obtained with one ar-rav 
apparatus cannot be applied to another The first step m this technic 
lb to decide upon what factors are to be used routinely Electrical 
factors which vield at least 75 to 100 r per minute are satisfactory 
At this rate an erythema or epilating dose inav be obtained m three or 
four minutes 

For routine work the authors have used the following approximate 
constants for many vears ma 2 k\ 100, time, ipproximately 
three minutes distance 8 inches (20 cm ) from anode to skin Some 
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ii))j)tu’ii,(iiH miiiircH iiiiimtos to produce 300 r, others require more 
or less liiiK'. Ari(>r Ihe operntor lias decided on routine constants 
he elieclvS ihein will) an ionization meter as •svcll as biologically, and 
I hen he )nay ])lot a, siinjdo dose chart by dividing the time factor 
(h'ig. 02). 'riiis ])arlicular chart has been used many years by the 
smiior wrili'r. If tlu' ojierafor desires to do so, charts may be made 
I ha I giv(' lh(' dose with various con.stants. 

'I'iu' nu'ihod (Miqiloyed lo obtain milliampcrage and voltage depends 
n))on wlu'ther the ajqiaratus is rectified mechanically or by valve tubes. 
As a rule, \'alvc-lube cfiuipment and .shockproof apparatus are not 
sn])])lie(l with a sjiark gaj). It is therefore necessary to employ the 
serN'iees of a jihy.sieist to obtain voltage and milliampcrage and to 
ealibrati' the .r-ray machine. Most shockproof machines have volt- 
meters which are ealibrated for high tension circuits. The kilovolt 
and millifinqx're readings may be obtained directly from the meters 
installed on the contiol jiancl. 

'Those still using meehanically rectified machines will also do well 
to have their ('quijnucnt calibrated and checked at least once a jear 
by a physicist. 

After those two factors have been established they must be main- 
tained throughout the exposure. With the mam control in the same 
liosition, one factor will jirobably not change unless the other does 
If milliauqierage iiieroasos, the voltage dca’cases and rice rosn. 'Ihere- 
fore all that is necessary, as a rule, hs to hold milhampeiagc by adpist- 
ment of the filament control. It is, hovcvci, ad\isable to watch the 


voltmeter and if ^oltage deeieases or ineicascs A\ithout apparent 
change in milliauqx'rage, the correction can bo made by a slight 
readjustment of the main control. 

Voltage Factoi. - As intensity varies as the square of the \ oltagc, it 
is obvious that voltage should bo accurately determined. Tlie volt- 
meter shcuild be ealibrated in terms of secondary voltage by the 


mauuf.aeturer or by a ]>hysieist. If this is impossible, the opewtor 
uiay calibrate the voltmoter bv comparing its readings with the spark 


p:ov of injiinni: tho n]>pnvn1os, but with konotron rcctmcatic 

auger of 'inmel\u'ing one or scx'cral expensive kenotron tubes 
Current. 'Thmv .should be two milliammeters, and they 


always register alike. 

Time. 'The time Is measured with a stopwatch. If the expo'-nre b 
interrupted for any reason — rofi'aetory patient, trouble w'ith app.mi u.'' 
’ the number of sei^xntds already utili’^ed must be aeoumteb 
termined and reoor<led. a - cr- 

Distance. ^ *Vu error in distance will Imvc a profound ofTeot on 


tauee’’' is meant tlie number of inches or centimeters between 


the 
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target and tlie skin To establish thi^ factor it is first necessar\ to 
measure the tircninforencc of the tube from wliicli tlie diameter and 
radiU'' nii\ bt estimated If for instance the circumference is 
22 inches, tlie diameter amII bt 7 inches (7 002S inches) and the radius 
Indies lo obtain a skm target distance of 8 inches cut a piece 
of uood exacth 4^ inches and adjust the tube so that one end of the 
mca«;nring stick touches the wall of the tube while the otlier extrcmitN 
touclies the lesion Inasmuch ns tlic circumference of difTerent tubes 
\ aries, it is ad\ i‘'ablc for the operator to measure caeli tube 
In establishing distance it is important tliat the measuring stick 
touch the glass w all of the tube at the equator dircctlv under the anode 
and aKo tlic skm dircctl\ in the center of the lesion It seems superflu- 
ous to add th it the distance must be accuratcli maintained during 
the entire exposure Rut it is carelessness in this regard that causes 
manx of the errora of roentgen therapx It often happens that the 
part moxes a little closer or a little farther awa\, or a little to one 
side, without attracting the attention of the ojicrator On one occa- 
sion we found that the tubc-lioldcr liad slid down the stand so that 
the skin target distance was reduced from S to G inclics One must 
be cognizant of these possibilities and guard against them The tube 
and tube-holder should be flriiiK fixed Tlic patient must understand 
tlie necessitx of maintaining position and exen with the patient’s 
cooperation the operator or the assistant should watch the part for 
motion To insure against change of position some operators emplox 
a small rubber suction cup or a piece of adhesix c plaster fastened to the 
wall of the tube from which is suspended a string 4 5 inches long At 
the lower end is attaclud a small ball made of xerx soft xxood xxhich 
comes m contact with the skin Sliockproof apparatus liaxe mechan- 
ical appliances attached to the tube housing which serxe to indicate 
the position of the anode and its distance from the surface to be 
treated Tinallx, the part to be treated can be securely fixed bx the 
use of sandbags roller bandages etc 
Ionization Standardization —Tlie milhamperage, xoltage, time and 
distance factors haxe been obtained It has also been determined 
that the erxthema dose for unfiltercd radiations is 300 r Hoxx does 
the radiotherapist standardize his x-rax equipment bx ionization’ 
Tlie most practical tx pc of ionization dosimeter to use is the thimble 
txpe with a scale tliat is calibrated in roentgens The chamber is 
exposed to a beam of x ra\s (in air) for a certain length of time A 
reading is taken and the result is recorded as so manj roentgens per 
minute Let us sax that an T-ra\ machine is allow ed to run for thirtx 
seconds The factors were 100 k\ , 3 ma 8-inch chamber-anode 
di-,tance no filter used Tlie reading on the calibrated scale is 75 
Under the aboxe conditions the output is 75 r per thirtj seconds or, 
as commonlx cx-pressed 150 r per minute Tlie erxthema dose for 
unfiltered radiation is 300 r therefore to obtain crx thema or epilation 
two minutes will be required Care must be taken to state that this 
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dose does not ineliide oack ^eattenrig. It is measiired in air and is an 
expression oi dosage applied at the surface, 

Siologic Standardizatica,— After tie beginner bas decided upon tie 
set of factors or constants le desires to employ for routine therapeutic 
use, tie technic should be tested biolo^cally. This may be accom- 
plished m various vrays, Hazen standardizes by the mouse epilating 
dose vrhich he hnds to be six times the epilating or erttihema dose for 
man. Xronig and Priedrich use frog larca^ Wood uses rat tumor 
tissue: Paclmrd uses Drosophils. eggs; ArrrtzeD and Erebs use peas; 
and HoSmann uses protozoa. The popular method of standardizing 
surface intensirr employed by dermatologists in practical vorb i-^ 
by visible shin etieets. 

While the visible slnn effect method is not suSclently precise for 
sdentihc purposes, uhen properly done it is acc'urate and sensitive 
enough for practical purposes. Especially is this true for dermato- 


roentgenol ogv'. 

The fohoTting features should be hept in mind: 

]- Tisible sHn effects are but one phase of a complex biologic reac- 
tion, and must be so inteipreted, 

2. A visible enecu produced by hltered ar-rays vtih bav'e a diPerent 
significance from that produced by unUtered radiation- Ytith the 
formerthe reaction is deep, while vtith the latter it is comparativeb' 
supernciaL However, this fact does not destroy the value of this 
method of standardizing in practical worln 

3- There is no standard erstbema dose that has been univ'er^lly 
accepted; that is, no dennite color, no set time for appearance or dis- 
appsaiance of ervthema, 

4- Slin tolerance varies with age, sex, amount oi blood present, 

location, completion, and tie time intensit;>' factor- Tissues vill 
tolerate more radiation if green slowly than if giv'en rapidly, ^ere 
may aiso be inherent differences- Itiore important, howe'cer, ^is Xe 
sMn tolerance for dinerent amounts of radiation- A quantitative 
diSerence of over -50 ner cent may hardly be detectaole^by visible ^hm 
euects. hfacXee and Cipollaro and others have pointed ouv msi' 
ervulema is produced vtith a smaller number oi roentgens ii tne radia- 
tion beam is "soft-’" ^ ^ 

5- The metbod is most reliable wben tbe reaction is >erv siigni- 

of course, deSnite- Care must be tahen, in these slignt reactiom, noi. 
to confuse tanning or jiigmentation with ervulema- "^e expose^ a^^ 
mould be examined ev'eiw d.ay or tvro and notes made re-ati^e 
time of appearanee oi the eevtibema; also its evolution and in^o 

6. The size of the surface or port of entrv' males consderaoJe Oijjea 
ence- Hus is due to scattered and secondary radration <mgmai.n-^ 
in li)0 TlS^-2^. ^rrrng> irr TTilZCJD rilllJ aiJU ^ 

erect of the p-timarc beam, Tne amount of scattered ® 

depends panh' on the wav'e length of tie primarc o^m an pa- 1 - ^ 

the volume of tissue traversed by the pnmag-' raciation, J earn 
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IS greater \\ itli short tlian Jth long Tia\e lengths, and it increases ith 
the size of the port of cntr^ , and ^ith the density of the tissue radiated 
Bachem calls attention to the fact that scattering is increased ^Mth 
longer skin focal distance because with increase of distance the beam 
IS more perpendicular and, therefore, more ndiation enters the field 
w ith a corresponding increase of scattcrcrl radiation 

Areas of about 1 square inch m size arc usiiallj emplo} cd bj derma- 
tologists to standardize the er\theina dose There is not acrj much 
difTercnce in \ isible skin effects, w ith the same dose of unfiltered x raj s 
in areas ranging in size from 1 to 4 square inches lliere is a marked 
difference in \isible skin effects between \er\ small areas (spht-pea- 
sized area) and fields 1 square inch in size or larger In accepting the 
cr\thcma dose of 1 square inch of skin as a standard, it must be borne 
in mind that the effect will be incroasingK greater for larger fields up 
to an area of about 8 inclics square Also, that the effect is consider- 
abl\ IcsS for minute areas (sec article hj AlacKcc, Mutscheller and 
Cipollaro) 

\Micne\cr a new set of constants is used, or a new tube is acquired, 
or the apparatus is changed, or the operator moacs to a different alti- 
tude the technic should be checked ha skin effects and b> ionization 
There are mans objections to c\cr\ method of standardization The 
objections to standardization bj Msibic skin effects arc mimerous, but 
at present it is the best biologic method for the a\cragc dermatologist 
to use Among the chief objections arc the length of time required for 
the crathenn to de\eIop, difficulU of determining intcnsih of era- 
thema absence of a unncrsal standard for time of deaelopment and 
duration of er\ thema, and the fact that the skm of different persons 
and skm in aarious parts of the same person will react differentlj to 
the same dose Tlie skm of some of tlie fleuires, some of the fle\or 
surfaces and of the face wd! in some adolc'.ccnts and \oung adults, 
react to one-half the amount required for the same degree of reaction 
on other parts of the same person It is preferable therefore, to make 
a number of experiments on xanous parts of different persons and 
ascertain the dose required to effect the same degree of era thema under 
different conditions 

It is nccessarx to haxe some standard Attempts ha\e been made 
to standardize the er> thema dose for superficial therapx It is the 
amount of radiation that will effect faint but definite er> thema on a 
flexor surface of the axerage xoung adult It max be called the min- 
imal erx thema dose It has been designated as the skm unit This 
amount of radiation will cause temporarj epilation of scalp hair m 
children without effecting erx thema It is, therefore, abo the epilat 
\wg dose 

The term erx thema dose or skin unit (300 r for low x oltage unfiltered 
arraxs) while not being precise, nexertheless has a fairlj definite 
meaning and it is popular among American dermatologists Dosage 
max therefore be expressed m terms of the erjihema dose or skm 
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unit, and fractions or percentages thereof, or in roentgens These 
terrns are suitable when discussing generalities At other times, it is 
advisable to enuineiate all the constants, the tj-pe of apparatus, the 
number of roentgens, the tA^ie of ionization dosimeter used and in 
fact, all working conditions 

IV^ampere-mmutes.— Not infrequently roentgenologists find it con- 
venient to combine, by multiplication, the tube current m milhamperes 
and the time in minutes and expiess dosage in terms of milhampere- 
minutes. This method of recording and reporting dosage is lacking 
in accuracy and is obsolete. 

Training —When a physician desires to enter the field of roentgen 
therapy, he should go to one of the man}' institutions where a suitable 
course may be taken Then he must acquire adequate knowledge 
about the diseases he is to tieat. Apparatus is then purchased and 
standardized. If such training is impossible, the physician must depend 
first on a book for his knowledge and guidance ^^Tien tlie apparatus 
has been purchased and standardized, experiments should be made on 
the operator’s own person as outlined in this chapter It is well also 
to purcliase a standard ionization dosimeter so that .x-ray output may 
be measured in terms of roentgens The first therapeutic attempts 
should be with small fractional doses, properly spaced, on diseases that 
are amenable to such treatment At first, large doses should be limited 
to the tieatment of epithelioma We do not adMse physicians to use 
•X-rays or radium without adequate training in radiology and in the 
diagnosis and treatment of the diseases to be treated with these 
agents. Book knowledge or the ability to operate an x-ray machine 
does not constitute adequate training. 

The Margin of Safety.— There is, undoubtedly, a definite biologic 
effect for any specific quality and quantity of .x-rays, but such a state- 
ment is difficult to proA'e even in the experimental laboratory In 
daily practice, in order to determine the biologic response, it is usuall} 
necessary to depend on phenomena that are visible to the unaided e} e 
such, for instance, as visible skin efiFects, i. e., er^'thema, dermatitis. 


epilation, etc. , 

If a small area of human skin is exposed to a sufficient quan i } o 
radiation of given quality, a mild er}i:hema will develop, t w 
appear a certam length of time after the exposure, develop to maximum 
intensity, and then gradually disappear. If a contiguous area ^ ^ 

same size is exposed to a 25 per cent larger dose of ffie same qua i } . 
the er}i;hema will develop a trifle sooner, it will be ^ more 
and it will endure a little longer. The visible difference is ap 
slight and might be easily overlooked. Theoreticall} , _ e ar^e - 
will be more likely to cause sequelae because the bio ogic e e 
be 25 per cent greater Clinical obsen'ation, howeAer, . 

support this contention. WTiile this t^-pe of skin marmn 

more apparent than real, it does appear to pro^ ide a or t 


of safety. 
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\ simihr ob'^cmtion nn\ be made on the ‘icalps of clnldren llic 
epihting do'>e nn\ be incrci'^ed 25 per cent or e\ en more and tiie onl\ 
MSiUe clTtct as a Twle \s teinp«rar\ loss of Imir V careful obser\cr 
liowe\cr, A\ill notice tint with the larger dose the hnir falls a little 
sooner, tlie epilation is a little more complete, and the regrow th of 
hair IS shghth dcla\c<l Of course, with still larger doses there will 
he er\theina and permanent alojiccii 

It IS diOicult to estimate accuratcK the dose b\ \isiblt skin effects 
Ihe er\ thema do»c or epilating dose can be determined in this manner 
and b\ utiliring contiguous areas of skin it is possible to compare the 
result with \arious Hts of factors, \arious closes etc But if the 
reaction is greater ni one an i than in another it is impossible to state 
the per cent dose difference from the \ isible effects alone 1 be er\ th- 
eina dose for i gnen area, with definite qnantit% and qnabt^, maa be 
multiplied scceral times without the production of more than a mild 
sceond-degne reaction Ihis is tspeeialh true for old persons and for 
filtered radiation Still larger doscs will cause deep necrosis Ihe 
point to be emphasized is that it is dilbcult to decide from skin effects 
alone, whether the dose has been doubled trebled, or quadnipied 
Biologic reactions are exccedinglN complex and ^ isible skin effects must 
be cartfulK ob'>er\ed and interpreted I'xcn with contiguous areas 
of skin the effect ina\ be modified b\ \ isenlar, ph\siologic, anatomic 
s isomotor, md pathologic variations Nc\ertheless properh located 
contiguous areas of similar size will nsualK react exactly the 
same to the same quantitN and qnaht\ of radiation, so far as can be 
determined with the unaided e\e It should be noted that we are 
discussing j-raas produced In \oltagc ranging from about 60 to about 
150 kilo\olts 

NaturalK it is desirable to mal t i tecliinc as accurate as possible 
It IS doubtful if 1(K) per cent accurao in practice w ill be achie\ ed intil 
some simple 'sensitne accurate and reliable inethod for directh 
measuring the tube output is de\ised iMorc important than the mere 
measurement of surface dose is the effect of bick scattering ^olnme 
dose and other unknown biologic effects from different qualities and 
quantities of ar ra^s Atpresentweha\enosimplemcansof accurateh 
measuring ami interpreting these biologic reactions The technic 
outlined in this and the prexious cliapter has been criticized b\ some 
pliisicists and b\ mam roentgenologists who are fairh capable 
phisicists Tor the most part this criticism has been constructs e 
and justifiable but the critics do not fulK ippreciate the practical 
difficulties of the dermatologist \-rixs constitute the most essentiil 
single remed\ m derraatolog\ Tins igeiit has been of great im- 
portance in the deielopinent of dermatologx of winch it is an integral 
part A \er\ large number of treatments is giien daih as man\ as 
100 or more b\ numerous assistants and technicians m a busy der- 
matologic office or clinic The fees are often small The dermatologist 
IS exceedingh bu3\ with man\ other phases of a dermatologic career 
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a education in physics has been neglected. The technic must 
be feUihcientJA safe for practical dennatologic requirements, it must 
not be too complicated, it must not be too time-consuming and it 
should not be so expensive as to be prohibitive for the financially poor 
young dermatologist. Time, expense, convenience, etc., would he 
unworthy of consideration if a simple, safe technic were not available. 
I'ortunately, one is available for the dermatologist, 

A physicist can develop a technic that is associated with a high 
degree of accuracy, Thi.' is accomplished by the use of ionization 
methods, .spectrometer.-,, electrostatic voltmeter,, various methods of 
biologic standardization. Fortunately, dermatologists can obtain and 
learn to use, without spending too much time and money, instruments 
that will indicate dosage measurements far more accurately than by 
skin efiects. The intelligent operation of a modem portable ionization 
dosimeter and specially mea'^ured filters ma}' be used to determine 
not only the quantity but the quality of z--ray output. Reliance on 
dosage, therefore, need not be placed ‘^olely upon the word of the 
manufacturera or the u^e of constants (kilovoltage, milliamperage, 
etc.), or upon skin efiects. However, the author^ advise that dosim- 
eter readings be compared with skin efiects— one method ac'ts as a 
checJv against the other. The <'kin efiects may serve to detect defec-ts 
in the dosimeter and rice xerm. 


The technic userl by American dermatologists has been employed 
by them for many years. It has been found ver^' satisfactory and 
has stood the test of time. It is, of course, being constantly impro-s ed 
as will be demonstrated if the reader will compare this edition with 
the first edition. Unexpected, severe, acute reactions are now rare in 
American dermatology. Sequelae smch as telangiectasia, atrophy, 
sclerosis, keratosis, etc,, without severe antecedent reactions, are ^11 
too common. At times these are caused by accidents and technical 
errors, but more often they are the result of faulty judgment. It 
requires a comparati^'ely short time to roa'-ter the t^hnic, but man% 
years are needed for experience and judgment and in .some instance? 

the latter attribute is never attained- , 

The requirements of superficial roentgen therapy', v>hne ka'>ing 
much in common with deep therapy, are, nevertheless, muc eos 
exacting from a technical standpoint. The vast majont} o erma 
loses amenable to roentgen therapy will yield to a fev ^ep ^ 
widekv spaced doses, if they will respond favorably at all. It Js se 
necessary* to evoke er>i;hema except vhen treating disease? , 
malignant neoplasm*. In dermatologj' it Is not nece?san o 
the health of the ^kin and subcutaneous tissues by attempfing to 

administer large doses to a depth of severa^or filtered 

There may come a time when the dermatologist will u*e 

radiation; or he may employ more to snmilate 

the case at present and it is not profitable m this c p - 
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on uUim'itc possibilities During the pist decade the tendenc\ Ins 
been to use lo\\ er \ olt if^es denmtoHS Meld to CO k^ ruin- 

tions as u ell is to 100 k\ r ulntioiis 

Superficnl roentgen therapj Ins been in the hands of dermatologists 
for a Ncrj long time It should and it uill undoubtidh continue to 
be an (ssentnl part of the specnhtN of dermatologs Lecluucal per- 
fection IS essential, but much more is required in order to obtain good 
results and a\oid bad ones It is ncccssar^ to be an expert derma- 
tologic diagnostician and therapeutist It is \er\ important to 
know what dermatoses arc amenable to x ra^ thenpN , what si/c doses 
to administer, how main such trcitmcnts can be gi\cn with s^fct^ , 
how often thc\ should be gixtn what results to expect, whether to 
use j-n\s alone or combine them with topical agents diet Ingiene, 
internal remedies, etc The operator should lie icquaintcd with all 
possible bad results, how thej arc caused and how thc^ ma^ bca^ol(kd 
Knowledge of this I ind is scattered through tlic rein lining chapters 
of tins book T lie beginner should he guided bx such information 
until he has acquired sufheu nt experience lor the de' clopmcnt of ideas 
of his own 

rile axerigc American dermatologist and espccidh the beginner, 
IS urged to emploj the tcchmc outlined in this and the preceding 
chapter The senior author and tho«c who have bcin associated with 
himhavetrfated manj thousandsof cases of tinea capitis without i single 
instance of permanent alopecia, although miirl) of tins worl was done 
bv technicians and graduate medical students under supervision 
Manj thousands of treatments liavc been given in our office md dime 
each jear and during the past thirtj vears there has not been an 
unexpected severe, acute reaction Also, over 700 phvsicians have 
b(en trained m dermatologv and supirficnl rocntgenologv under the 
supervision of the senior author Tlicse dermatologists now 'scattered 
throughout the k mted States ind in other countries hav t adhered to 
the technic m question and have avoided bad results Surclv this is 
enough evidence to establish the rcliabihtv of the techmc for practical 
dermatologic purpose and to refute the personal equation illegition 
Ihcre have been a few cases of sequelae but few of them have been 
caused b> technical errors lor the most part they ha,se been the 
result of poor judgment and carelessness on the part of men who were 
incapable of guidance 

SpecificalK the beginner is advised to depend on combined techmc, 
i e , estimation ot intensity and quabtv by means of ionization, 
utilization of constants (kilovoltage milliampi rage distance and time 
factors) and checking b\ skin effects If possible the voltmeter 
calibration and the ionization estimations obould be done bi a pin sicist 
If nece&san the operator may calibrate and standardize his own 
apparatus and instruments He should not make a single step unless 
he IS sure of himself He should carefully digest the practical chapters 
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in this book. This is not egotism; it is an endeavor to prevent trouble 
lor uie beginner. It is a good plan to have an ionization dosimeter 
but not depend upon it to the exclusion of checking and standardiza- 
tion by skin effects. One can have a lot of fun and gain much knowl- 
edge by possessing and_ experimenting with various instruments of 
precision, and the technic may, in this way, be made more accurate. 
Such instruments are expensive but not so much as they were formerly, 
Regardless of technical perfection, skill, experience and knowledge, 
there are two words that should be iterated and reiterated, wmrds that 
should be alwaj's in the mind of the operator, namely, extreme caution 
TJie operator should realize that the most precise technic used in 
practice today is scientifically inaccurate, and that even an absolutely 
perfect technic will not eliminate the possibility of bad results It 
is, therefore, necessary to be ver}' cautious. Plan and think before a 
treatment is given, not after the treatment has been given 
Eecords.—For medico-legal reasons, as an office record, and for the 
purpose of statistics, it is important to preserve a record of each case 
Every dermatologist will compile a liistory card and index system best 
suited to his individual requirements. Instead of a card the authors 
prefer a sheet of fairly heavy paper folded so as to make four pages. 
The dimensions, after folding, are 8jX 11 inches. This is kept in a 
manila envelope and filed m an ordinary letter file. The first page 
deals with the history of the patient, while the three remaining pages 
record the treatments and observations The first and second pages of 
such a chart are herewith appended: 


First Page 

Name Mr Paul isezzer. 

Address 1492 Madison Avenue, New York City 

Referred by Dr Louis Norman, 212 Zero St , Nen York City. 

Dale September 7, 1914 Age 56 Mar Sing R wf 

Occupation Broker Nalionalily USA Blond Bninelle 

Duration of present eruption 6 years Of disease 6 years 

Size Dime Photograph No 806 

Location — Distribution Center of left check 

Diagnosis Epithelioma (basal cell) 

Family History Negative 

Past History Very slon evolution Has grown more rapidly during past six ni 
Lesion has nc\ er been treated except with mild ointments 

Laboratory Findings Small piece of lesion exammed ^Ttomifstr^ctmc 

York Post-Graduate Medical School, Columbia Urn versitj , shows anatom 

of basal-cell epithelioma Biopsy No 1220 

Preseid Condition Lesion consists of a hard J ‘°hen rem^ofed. reieals 

posed of semitranslucent nodules Center is crusted Crust, w nen 

underljnng necrosis 
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ABSORPTION, 

The word pcneti-ation is used to denote the ability of xocntgen rays 
(and radium rays) to pass into and tlirougli material that is impervious 
to light It is preferable to visualize tliis characteristic in terms of 
absorption lather than penetration. In passing through matter some 
radiation is lost absorption. The emerging beam is composed of 
secondary I adiation, scatteied ladiation, and the remainder of the 
original priinaiy beam 

Absorption depends upon several factors. Rays of comparatively 
long wave lengths ("soft rays’^) are more readily absorbed than are 
those of short wave length ("hard rays”). Absorption, also, is roughly 
in proportion to the density of the material through which the radia- 
tion passes and, of course, varies with the thiclcness of this material 


REDUCTION IN INTENSITY, 

Reduction in intensity of initial radiation depends upon two factors: 
(1) The composite radiation spreading out from a small source decreases 
in intensity iinmrsely as the squaie of the distance. (2) Reduction m 
intensity of radiation passing into or through matter is due to absorp- 
tion and this depends upon the wave length of the radiation and on the 
density of the absorbing material. Thei e is no loss in intensity through 
absorption by'^ air for distances used in practice for the harder rays. 
Furthermore, there is no change in quality (wave length) by distance 
Ethereal waves in vacuum travel unchanged indefinitely unless ob- 
structed by matter of sufficient density to cause absorption Jheie- 
fore, distance is not a filter 

The effect of wave length and density on absorption must be clearly 
understood For a given substance absorption will depend upon wave 
length. The absorption of each wave length follows an exponentia av , 
i e , successive layers of like thickness of a given material vn ^ ^ 

the same fraction of radiation received on its proximal surface us, 
if 1 mm aluminum cuts down initial intensity 50 per cent, 
millimeter will reduce intensity to 25 per cent, the tnr ™ ,. 

to 12| per cent, and so on This rule ignores loss o in ensi y ^ 
tance, but such loss is negligible for a few i 

material because the source of radiation is usua y a a 

“Ttt imtSant to note that the proportionate rata of absorption 
(170) 
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for a gi\en miternl la the case of rajs of long wa\c length is \er\ 
much greater than for those of short a\a\c Jengtlis 

llic radiation from c\er\ roentgen tube is heterogeneous— composed 
of ra\s of thfTerent ua\t lengths The wa\e length aaries uitli the 
\oItage Radiation from a tube opcratetl at 140 kiloaolts uill contain 
ra\s of shorter \va\e length than will radiation from the same tube 
operated at CO Kiloaolts But m either inst ince the composite bundle 
of rajs IS heterogeneous 

\Yhtn tins heterogeueoub radiation passes through siicccssi\e laaers 
of alumuuun of equal thickness, absorption will not be exponential 
At low aoltage most of the radiation consists of long wa\c lengths A 
\er\ large part of such radiation will be absorbed b> the first few 
millimeters of aluminum, a era little being left for absorption b> the 
deeper lajers Conaersela, avitli liigli aoltngc, where there arc more 
sliort waaes than long waacs, there will l)c a more uniform absorption 
tliroughout man> laa ers of aluminum 1 iirtliermore, after high a oltage 
X rajs haae passed through about 0 tnm of aluminum, the radiation 
approaches homogcncita but a l>eam of j-rns neaer rcalla becomes 
homogeneous Absorption of such radiation will be approxmntela 
exponential 

What Ins been said relatiac to absorption of radiation ba aluminum 
is true for human tissue Ignoring loss of intensity bj distance and 
the fact that human tissue a aries somew hat m dcnsita , absorption for 
anj giacii waac length follows an exponential hw Perthes and others 
haae found that absorption bj most animal tissue was about the same 
as water Using water as the absorbing medium, lie found tint alu- 
minum i-j from seaen to ten tunes as effcctiae an absorber of ar-rajs as 
IS animal tissue But is pointed out ba Colwell and Russ thatisnearlj 
three or four tunes as much as its dcnsitj would suggest It would 
seem then that 1 mm of aluminum will absorb about the same amount 
of radiation as will be absorbed ba about 7 mm of aaerage animal 
tissue Ihe amount of absorption m a gixen thickness of aluminum 
or tissue aaiU depend, as we haae alreada seen on the wixe length 
About 50 per cent of a 100 000 aolt radiation aaill he absorbed bj 3 mm 
of aluminum (Hull) The percentage avill be less for higher voltage 
and greater for lower voltage 

FILTRATION 

Bj filtration is meant the interposition of some more or less imper- 
vious materia! through wluch the rajs must pass before reaching the 
surface to be irradiated 

Choice of Piltenng Material —In roentgen therapv various substances 
Inae been U'^ed for this purpose 

Aluminum has been for a number of jears and still is the popular 
filter among dermatologists Tliere are fairlj definite reasons for this 
populantj 1, Ihere are no reports of radiodermatitis resulting from 
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the secondary radiations from aluminum even when the metal is placed 
in contact ^th the skin In this connection, Wnddington has detected 
a very sott type of secondary radiation from this metal which he 
considers characteristic. 2 Aluminum is light and easily handled It 
can be obtained as foil in thickness of 0.1 mm Sheet aluminum 
2 mm. or 1 mm. thick can be cut to match the shape and size of the 
diaphragm of the tube .stand A number of such discs permit light or 
heavy filtration. I he low density of the metal permits the use of 
greater thickness, therefore reducing the danger of error when measur- 
ing thickness or uniformity of thickne.ss of the filter For medium 
and high -s'oltage roentgen tl)erap\' copper is tlie filter commonly 
employed. For super voltage (400 to 1000 kv) therapy lead filters 
are employed AA'lien radium is employed the common filters are gold 
and platinum Brass and aluminum are emploj^ed as filters for beta 
ray therapy. 

Object of Filtration.— Filtration has two main objects. In the first 
place, it cuts off soft rays In the second place, it makes a hetero- 
geneous beam of .r-rays more homogeneous thereby increasing the 
transmission of an x-ray beam to an optimum suitable for practical 
purposes. Rays emitted by a roentgen tube are filtered by the glass 
wall of the tube It is for this reason that there is very little radiation 
emitted fiom the ordinary roentgen-ray tube when working with 
\'oltages of 40 k^ or less Nevertheless, rays emitted by a roentgen 
bulb are spoken of as unfiltered. 

'\^^len treating thick lesions or lesions situated in subcutaneous 
tissues it is desirable to use an .t-ray beam sufficiently hard to reach 
the deep-lying cells. This hardness may be obtained by increasing the 
voltage or by using a filter In most instances the voltage is increased 
and the radiation passes through a filter. 

It should be clearly undei stood that filtered rays are not more 
penetrating than unfi'ltered rays obtained rvith the .same voltage 
That is, a filter does not make a beam of .r-ra 3 's harder but smpb 
removes (absorbs) the softer ra.vs Inasmuch as the bulk of radiation 
from a tube e^’en when operated at moderately high voltage consis s 
of “soft” ravs, heav^* filtration causes an enormous reduction o 
intensity, but this loss is compensated by increasing the exposure time 

or decreasing the distance , f. 

The point to be emphasized is that the filter absorbs all e 
rays which might be injurious to the skin when treating eep sea 

Thickness of Filter.— Physicists and roentgenologists have 
considerable time to the study of filtered x-rays, and ^ 
been accomplished For deep therapi^ roentgeno ogis ^ 
plov 150 or more kilovolts and a filter of 0 o to 2 mm o pp , 

Ld 1 to 6 mm. of aluminum _ Many operators estimate the distnbu^ 

tion of radiation within the tissues or the dose a } g 
bi' means of depth-dose charts 
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llic (IcnintoloRist ordiinnh tmpIo\s iiiifiltercd AMien 

filtered rulntion is desired in cutineous therlp^, it is custoimn to 
cinpl(>\ from 0 o mm to 3 mm ilmninttm I he use of n filter is a 
question of indi\uhid judgment bised on e\pcrience mid i kno^\ledge 
of the literature 

■\Mien using filtered radiation most dermatologists are guided h\ 
\isible skin clTccts as ^^^tb mifiltereel radiation No more filtered 
radiation is gi\ en th in e in be tolerated be tlic skin 
llicre IS i difference of opinion regarding the dcsiribjliti of using 
a filter of almnnium (from 0 1 mm to 1 uuii ) for the treatment of 
superficial conditions 'Ihcre nia\ be some ad\ intage in nsnig a 
filter nhich mil absorb ra\s that otherwise noiild he absorbed b\ 
the skin Ihc authors, howexcr, arc not com meed of the advantage 
of a thm filter in \erx siqierficid diseases Oxer 1000 pitients have 
ree-cntlj been treated bx us xxith filtered x-rixs (137 k\ and 1 mm 
dinninum) at the Skin and Cancer Unit, New lork Post-Graduate 
Ml (heal School, Columbia Umxcrsitx, and the therapeutic results 
xxere no better than xxith unfiltered radiation 1 iltration is not is 
important m roentgen therapx as m radium tlicrapx hecaust, xxith 
radium, bet i rixs sbould be c\cluded except x\ ben treating xerx super- 
ficial conditions rurthennort, m radium tlicrapx filtration to some 
extent offsets the disadx antage of hax ing the source of radi ition close 
to the skin 

Position of Filter —It is customarx to place the aluminum in tlie 
diaphragm of the tube-stand, a holder being proxided for this purpose 
Uoughlx, tins position is about half xxax between anode and skm 
Tor accuracx the position of the filter is of no importance Secondarx 
nxs phx an important role in filtered xxork but injurious secondarx 
raxs are obtained onlv from heaxx metals When these are used as 
absorbing material thej should be coxcred xxith aUmnnum to absorb 
the soft secrondarx radiations Some operators place the filter on 
the skin or xerj close to the skin and connect it to the ground to pre- 
vent sparking 

Wave Lengths Smtable for Filtration — 1 here are no special ad\ antages 
to filtering a-'rajs of GO kx to 100 k\ The qualitj of an a--raj beam 
of GO k\ filtered through 2 inm Al max be similar to that of an iinfil- 
tered x raj beam of 100 k\ With GO kiloxolts the amount of radia- 
tion passing tlirough the filter will be far less than with 140 kiloxolts 
Increasing the voltage increases intensitj as well as the qiialitx of an 
r rax beam At high voltage there are more raxs of shorter wave 
length than with low voltage so the qualitx after filtration for the two 
extremes would be different 

Filtration Dosage —There is no unammitj of opinion relative to 
filtered dosage Some authors aver that it is possible to give two 
four, ten and manj more times the ervthema dose of filtered rajs 
without injurious effects Statements like this do not mean much 
unless accompanied bx explicit technical details Two minutes with 
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certain factors wll eficct an erythema with unfiltered radiation The 
same radiation filtered through 3 mm. of aluminum requires about 
twenty minutes to produce an erjThema. 

_ The increase in time is caused by two ^actor^: (I) Ueduction of 
intensity and (2) the excessive reduction in tho<-e wave lengths that 
would have been entirely absorbed in the .shin. 

Technic Advised by the Authors. — Jt is desirable to have a technic as 
accurate as possible. Al,yj, it is advantageous to have dosage expre.sbed 
in a universal or international unit. Work done hy numerous phyhichts 
and pure roentgenologists (Friedrich and Glasser, Villard, Friedrich 
and JCronig, Behnken, Solomon, Meyer and Glasser, Pfahler, Duane, 
Bachem, and many others) in an attempt to standardize methods of 
dose estimation with ionization and .spectioinetry and the creation of 
an international dose unit, is of great importance. 

The following method has been used by the authors to calibrate 
new x-ray installations. 7’he chamber of the ionization dosimeter is 
placed directlj' below the anode in such a way as to avoid back scat- 
ter. Tliis is accomplished by placing the chamber over the edge 
of a table. The roentgen measurements are therefore made m air 
and so expressed. The next step is to decide upon certain factors, 
let us say 140 kv., 5 ma., sldn-anode distance of 10 inches, 3 mm of 
aluminum. The object is to determine the time required to obtain 
an erythema dose with these factors with a given x-ray tube and a 
given apparatus. It has been determined experimentally that with the 
above Factors 550 roentgens are required to obtain an erythema. 
Therefore it is necessary to find the time required to produce 550 r, 
Many dosimeters have a scale that reads no more than 100 r.^ It is 
therefore necessary to determine the number of roentgens delivered 
per unit time. Let us say for sake of argument that in one minute 91 
roentgens are emitted. Since 550 r are required to cause an erythema 
and since 91 goes into 550 approximately six times, the time required 
to produce an erythema is therefore six times one minute or six minutes 
This hypothetical problem is given to demonstrate the method of cal- 


culating erythema doses in terms of roentgens. , 

The following charts, and the technic they represent, were obtained 
thus: The constants were first decided upon and carefully mam aine 
throughout the exposure. The time factor for the ep'thema dose vas 
then ascertained by exposing a large number of 1-inch square areas 
of skin on some sensitive part of young adults. It is an average er^ 
thema dose. It may be increased for aged subjects and lor ' 

It must he reduced for large areas and for very young su )jee 
must be borne in mind that these charts do not represen ac ^ 
for any equipment. They are included here simply as i . 

that .similar charts may be made by the beginner or by a p y 
particular equipment. Charts of this type are no 
most roentgenologists seldom vary their technic. D 
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been nnde for ^ inous spts of fictors iiie tbstance, \oIt*igc 'ind 
nmperige are the ‘?anie m e\erj instance The other constants %ar% 

I ig C4 ma 5, ks 137, distance 10 inchts, filter 3 mm aluminum 

Tig G5 ma 5 k^ 137, distance 10 inchcb, filter 1 mm aluramum 

Fig GG ma 5 137, distance 10 inches, filter - mm aluminum 

It IS a good plan for the operator to make copies of the charts and 
place them on or near the suitdiboard The operator must be certain 
of his constants (lUilliamperage, \oltage, distince, time and filter) 
throughout the entire exposure Onl\ aluminum can be used 
Special Upes of filtered technics have been described and used bv 
roentgenologists An elementar\ knowledge of the'^c is essential 
U c 'shall describe here the Cout ir<l the Ch loiil and Heublein technics 


MA 5 KV J37 Dl TAMCE. 10 INCHES F11.TER 3 MM AL 



FILTERED UNIT 

Fit, 01 -Dose chart for filtorPd x rays This is correct for any equipment pro\ ided 
that the factors mentioned yield 550 r 


COUTARD TECHNIC 

The protrac ted fractional method of irradiation concen ed at first 
b\ Regdud improved bj Kingerj and Uter bj Pfahler, and fmallv 
deteloppd bj Coutird, hasmana advotates and is constanth earning 
m popularity here and abroad Modifications of Coutard’s ttchmc 
iia\ e been used by dermatologists 
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'r” attention to the fact 

fhpV'^ radiation is administered at a slow rate 

t le tissues will tolerate a larger total dose. This forms the basis of 

radiation m that a certain dose is given in a much longer period of 
heretofore ' ^ been administered 


MA 5 - KV 137 - DIST-ANCE 10 INCHES - FILTER 1 MM AL 



450 R 

Fig 05 — Dose chait for filtered i-rays This is correct for any equipment provided 
that tlie factors mentioned yield 450 r 


The reaction following Coutard's technic is severe, producing a second 
degree radiodermatitis to tvhich the term radio-epidermitis was given 
by Regaud and Nogier This reaction appears on the twent}’'-sixth 
to the twenty-eighth day after the beginning of the treatment A 
similar type of reaction affects the mucous membranes about t le 
fourteenth day. This is the so-called radio-epithelitis of Coutar 
According to the originator of this technic, these reactions are essen la 
because wfoen the^^ do not occur, the neoplasm recurs More severe 
reactions which have followed this method are bone necrosis, muscu ar 
atrophy and paralysis, necrosis of the cartilage, cutaneous a rop 13 , 
scleroderma, and edema of the glottis. 
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Coutard emplo\ s high \ oltage (170 k\ ), lou milliampcnge (4 rm ), 
skin mode distance of 50 cm , hrgG fields (50 sq cm ), and hea^ i 
filtration (2 mm zinc) The nxenge duration of eacli treatment is 
fift\ minutes V Ion intensit\ of about 3 or 4 r per minute is em- 
ploNcd A do^e of about 200 to 900 r per (]i\ is administered The 
total dose measured on the skin \nries from 5,000 r in seicnteen dais 
to 13 000 r in fifty da\s 

MA a KV t37 DISTANCE to INCHES FILTER H MM AL 



ERYTHEMA DOSE 
FILTERED UNIT 
4D0 R 


Fig 66 —Dose chart for filtered X ms This is correct for an> equipment proMded 
thit the factors mentioned yield 400 r 

Such large doses nith such seaere reactions are rarcK required in 
the treatment of cutaneous neoplasms 

CHAOUL'S TECHNIC 

Professor Chaoul acknonledging supenontj of radium o^er a:-ra\s 
in the treatment of cancer deaised the close-roentgen irradiation 
technic 

\ speciallj constructed tube and stand are required The tube has 
to be completeh shielded so that it is both l^-ra^ and shock proof 
The tube is so constructed that the grounded anode maj come m direct 
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contact with the les^n About 4 milhamperes of current are used and 
50 to 60 kilovolts. The .a--rays emitted from this tube have an inherent 
filtration equivalent to about 2 mm. of aluminum. This radiation is 
practically all absorbed by about 4 cm. of tissue. The treatments are 

?A nnn ^ SQvera] weeks until a total dose of about 

10,000 r IS administered 

This method has the advantage of confining the radiation to the 
pathologic tissue, it acts as a cauterant; practicallj’^ all the radiation 
IS absorbed by the neoplastic tissue; the .r-ray beam is softer than any 
used heretofore (exclusive of grenz rays). The method has not been 
sufficiently used in dermatology to determine its superiority over the 
present method of dermatologic roentgentherapy 

Chaoul reported on the treatment of 281 cancel patients with the 
following results; Skin carcinoma, 93 per cent cured, cancer of the 
lip, 83 per cent cured, cancer in the oral cavity, 40 per cent ciiied. 
He also observed recoveries in cases of melanoma 

Some have used this form of radiation for the tieatment of skin 
diseases other than neoplasms. The reports are encouraging The 
main advantages claimed for contact therapy are that the shorter 
skin-anode distance makes it possible to deliver a large dose of .a-rays 
in a short time, and also that intra-oral lesions can be reached more 
easily and more certainly. These advantages are practically overcome 
bj" modern shockproof apparatus It is well to consider the Chaoul 
method of irradiation (contact therapy) as therapy with low voltage 
(50 to 60 kv.) lightly filtered .r-iays, with no particular advantages 
over .a-ra.ys of the same quality and approximately the same intensity, 
emitted from ordinary shockproof apparatus 


HEUBLEIN’S TECHNIC. 

So far as we know the method of total irradiation of the entire body 
is carried out mostly at the Memorial Hospital, New Yoik City. Ihe 
results with this method are not paiticulaily encouraging It is sug- 
gested, however, that it may be used to advantage m the treatment o 
certain generalized dermatoses, such as leukemia cutis, mycosis un- 

^^The foflowmg description of the Heublein unit is taken from an article 
by Graver and MacComb “The unit consists of a ward containing 
four beds, and having an .r-ray tube operating at 186 kv 
mounted near the eeiling behind one wall, so that ^ filtmtion 
meters, the other two beds 7.3 meters from the e , 

is now 2 mm of eopper The intensity o the radiation reaclnng dm 

near bed is 1 7 r per hour, that reaching the far bed i w-n^nrdmarv 
Taking 750 r as the skin erythema dose for a single 
high voltage x-rays, the time required to deliver P 
dose, or 226 r, to a patient m the far bed of tlie Heublein 
hundred and fifty hours.” The total dose used was 
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cent of the er\ thenn dobc One t-i^c of nn cosis fiuigonks as treated 
in ^\hich an excellent result \\asob«er\ed 


OMISSION OF FILTER 

\\e know of manx instances where operators administered a hta\x 
dose suppo‘?edl\ of filtered radiation, hut found that thex had failed 
to insert the filter NatiiralK, tlic result of such an error is Iikeh to 
be serious fhere are mechanical dexiccs on the market for the pur- 
po'iie of prex eating sutli an nccideat Ihc operator should make it a 
rule to sec that the proper filter is in position before treatment is 
begun It should be the last thing that is done before beginning the 
exposure It is not safe to trust one’s memorx or e\en a incclianical 
dcxice The possilnlitx of this error should be alwaxs in mind A 
good rule to follow both for medicolegal protection and also as a 
reminder that the filter has been properix inserted, is to hnxe someone 
actinllx obserxe its in-sertion and haxc the initials of the checker 
placed on the chart 

ARITHMETICAL COMPUTATION 

Hie roentgen xalues selected for erxthema doses using filtered and 
unfiltered radiation liaxc been arbitranlx selected and represent axer- 
ages from tests performed on manx hundreds of test areas The erx- 
thema dose for unfiltcred radiation xxith lOOkiloxoIts is 300 roentgens 
The erxthema dose for filtered radiation using 137 kiloxolts and with 
^ mm aluminum is 400 r, xxith 1 mm aluminum is 450 r, and with 
3 mm aluminum is 550 r 

The filtered erythema dose, or filtered unit, for anj gixen set of 
constants max be ascertained bx x isible skin effects and its r equix alent 
which max be obtained witli an ionization dosimeter Anx constant, 
except the filter, max be changed and the dose calculated anthmeticallx 
^^c tested imnx txpes of a--n\ installations both slicckproof and 
non shockproof on manx hundreds of skin ircas m order to determine 
the number of roentgens required to produce erjthcma Aluminum 
filters of 0 5 1 and 3 mm were used To illustrate the workings of 
arithmetical computations for filtered i-rax s w e selected one apparatus 
which gaxe an erx'thema and measured 550 r whenexer the same 
electrical factors xxere used and the radiation xxas filtered through 
3 mm W It was found that fewer roentgens were required to produce 
an erxthema with 1 mm Al,and stillfexxcr xxhenO 5 mm Alfilterwas 
used The electrical factors are represented in the following formulas 
It must be emphasized tint these electnc constants hold true for just 
one apparatus Fach machine differs and so each a:-ra> installation 
has to be calibrated Phjsical calibrations can be completed in one 
afternoon whereas biologic calibrations require several w eeks 
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For 3 mm. Aluminum, 

Ma 5 X Kv 1H7^ X T 8' 

"" erythema doFc = ] unit = 550 r 

For 1 mm. Aluminum. 

Ma 5 X Kv 1372 X T 4' 

— D~10^ ~ ~ crj'thema dose = 1 unit = 4,50 r 

For i mm. Aluminum, 

Ma 5 X Kv 1372 X T 3' 20" 

- D~102 erythema do&c = 1 unit = 400 r 


It will be noticed that an erythema formula must be established for 
each thickness of filter used. The electric factors may be changed and 
arithmetical computations may be made as demonstrated in Chapter 
Xyil. Tlie method is subject to gross error, but it is of service when 
it is desired to obtain the approximate result with any set of con.stants. 
Ihe ionization method of determining .r-ray output with any set of 
constants is both practical and accuiate. The variations from the 
true readings are plus or minus 5 per cent. 

^^^len using tlie terms filtered .skin unit and filtered erythema dose, 
it IS necessary, of course, to mention the thickness of the filter, and 
it is advisable also, to give all the constants employed, including the 
roentgen output measured in air. The erythema do.se for filtered 
,r-ra 3 's is not the same as the epilating dose. The epilating dose 
remains at 300 r regardless of whether the radiation is filtered or 
unfiltered (see article bj' MacKee and Cipollaro), 


ESTIMATION OF DOSAGE BELOW THE SDBFACE. 

One fault with all forms of measurement of intensity in roentgen 
therapy'', is that intensity is estimated at the surface of the part irra- 
diated. There is no generaUy accepted method of estimating intensity' 
at a given depth in cutaneous roentgen therapy Such estimations 
are approximate In attempting approximate estimations of intensity 
at a given depth there are two facts that must be kept in mind: (1) 
Loss of intensity bj'^ distance and (2) loss of intensity by absorption 
The depth dose is also affected bj'^ the filtration, the anode-skin dis- 
tance, and size of the irradiated field Figures for loss of inten^ty } 
absorption will be found in Chapter XII In this connection Gui e- 
minot, years ago, prepared a table to show the (approximate) ra e o 
absorption for different thicknesses of human tissue with filterc an 
unfiltered roentgen rays (Table 18) Eliminating loss of intensi y } 
absorption, the loss b}’’ distance will be inversely as the 
distance Manj^ attempts have been made to estimate dep m J 
by a combination of ionization dosimeter, speetrome ey 
phantom, and in other ways, hence the depth-dose charts o e > 
Duane, Pfahler, Glasser, and others. These charts aie e 
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for deep thenp' Isodose cur\ednrts are n\niHl)lc for ippro\nintinp 
the depth dose different le\els belou the svirficc for e\cr\ c-oinbun- 
tion of conditions {sco Clnpiir XTI) \ series of c\ptrnncnts ^\crc 
conducted In Cipolliro 'ind Mutschcllcr in order to determine tlic 
qiiantiU of j'-ravs ahvorhed b\ successive inilhmctir'. of skin Rsdn- 
tions ususlh emphned in dermatologv were selected for this stiidv 
In this connection it is ntcesssrv to mention the exit da?< It is the 
dose of X rs\s which is trinsmitte<I through sm ill thiel ness of tissue 
such as the hand If a full skin tolenncc dose is applied to the palm ir 
and dorsal surfaces of the hand with a licain of x ra\s siifheientU h ird 
to penetrate the thickness of the hand, then the c\it dose added to thi 
skin tolerince dose would be sufiicicnt to ciusi ridiodi rm ititis 
Andrews, Braestrup and Hcisel have recenth ihseiissed this phasi of 
radiologv 

Increasing the distance of the source of radiation tends to cqii ili/e 
intensitv throughout a given deptli Vt great distance the amount of 
radiation received at a given depth m relation to the amount received 
at the surface is greater than at short distance This is due to the 
fact that with the source of racliation at i distamc the rivs arc more 
perpendicular and therefore thev are not lost hv spn ading out oh- 
liquolv (in a fan-shaped in inner) as thev pass through the tissue 

T^bcb is — laEPTij or Tissue Prscrn^Tco by \-n\Y'« (Guilt rstisor) 


Qual ty of ray* 


4 Benotst 

5 
G 

7 

Filter 

8 iTYim 

8 2 tnm 

8 3 mm 

8 4 mm 

R •) mm 


Suffare. 


Peptli of ti « e 


(UriD. I em ‘^ern 3t 4 cm 5ci I i c Sen 


Do e transmittcsl 100 
100 
100 
100 
100 


6» 4a 2'‘ 

“■» o3 a** o 
8 6 a 44 

81 6 S yO 

83 2 60 0 S'* “ 


13 S 5 2 

■>10 15 5 116 

33 <>(> !■> 

39 3'» “r 5 

4'* 34 S ‘’9 s 


3 8 ^ 6 18 

S S "0 5 6 

1- ■> 14 4 I” 0 
■>,R 19“ I?” 
2'’ 2’ a IDS 


100 56 5 6 ‘> 61 1 .or. 43 a a 3'’ 6 ''S *>5 

100 89 2 80 4 6' VI 49 4 43 5 33 “ 33 3 30 1 

100 91 31 5 “I 3 fl 3 51 5 43 0 4“ 1 3 S 34 8 

100 9“ 8 36 4 5 To 4 57 3 51 3 45 " 410 3/0 

too 9 j 87 76 1 67 •• 60 53 3 43 5 44 0 40 4 


\nother wav in winch intensitv can be increased in the deeper tis- 
sue IS b\ cross fire \ discussion of cross-fire methods will be found 
m the Chapter on General rherapeiitic Considerations 
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nOlNlGINlIIIRAn WlilllVlRlMin ION(. ^^A\I 
1 1 NGTIIS * 

Historical —Durmp (he pist thl^t^ or thirt\-fi\c Ncirs seicril 
itteinpts h'i\ c liccn Jindc to utilize cxtrcnicli lonj; w u c-ltiiffth t ra\ s 
for thcnpcutic purposes Schultz ihout ]‘)10 cinploNid r ri\s pro 
duced vith xoltnpc ropre<5cnUd h\ i spirk pip of 1 5 uii io this 
Tidnlion he pi\c the mine “o\cr-soft t tus He xs'is \hk to curi 
A\ith the o\tr-soft -r-ri\s some t^scs of hisn) cell tpithelioiin tint 
Ind faikd to respond hNorahh tolonpcrn ixtknptlis Ik chiniid to 
Inse okfuned some sitisfuton results m cists of m\us flunuicus 
chronic ulcers and otlitr dcnintO''es 

It lias noticed tint the cutaneous reiction suhscqmnt to v lirpc 
dose of oxer soft radntmu cxhihited features tint eldkrctl from the 
reaction ciuscd In ordunrx rraxs The ohjectne sxiuptoins sup 
posted a third dcprcc reaction— crxtheina cdcini xesieiihtion exuda- 
tion cnistinp ulccntion ete Ihc pain, hoiicicr, w is iiuuh less the 
latent period uas sliortcr healiiip uas coinparatn cK npid and 
scqutlT occurred uith much less frtqucnci 
Schultz cinploxed an ordmarx trax tuhe xihich hnxxcxcr had 
excoptiomlK thin glass op|>ositc the anode Onl\ an occasional tube 
of this tx-pe uould pcniut the pissapc of t!ic oxer soft radiation In 
fact it x\as so dilTicult to olitam a tube tint xxouhl emit xxaxcs of the 
desired Jcnptlj tint tlie inctliod failed to become popular 

•\bout the same time S Stern of \exx ^ork, working independentlx , 
succeeded in produemp and thcrapeulicallx usnip xerx long xxaxe 
lengths The radiation eniploxcd bx Stern xxas of about the same txpe 
as that adxocated bx Schultz Soft effects xxere obtained, also, with 
the r ornell tube (Gex ser) In using low x oltago and placing tlie xx indoxx 
of the tube in contact with the skin while in operation 

In 18^8 Schott produced glass composed of silico borate of soda 
and akunmvim xxlnch had a loxx ■atomic xxeipht and xxhich therefore, 
transmitted x rajs of xerx long xxaxe lengths Schott s glass, howexer 
was not used for this purpose Phillips in l^OB iKo succeeded in 
making glass that would permit the passage of xerx soft radiation 
It was composed of silicate of soda and borax with a little lead 


• Pait of the material used m this chapter was puhli hod lij Fiancis Carter Wood 
and MacKee m the Journal of the Amencan ^fedical Assoctalion 96 111 1931 For 
the use of this material here the authors arc indebted to the American Medicil 
Association 
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184 ROENTGEN THERAPY WITH LONG WAVE LENGTHS 

As stated by Kaye, Scliott had investigated the absorption of .t-ravs 
by various oxides and carbonates. The list reads, in order of dimb 
ishmg transparency”:_Li, B, Na, Mg, Al, Si, K, Cu, Mn, As, Ba, 
and 1 b, a sequence which is that of atomic weight. In 1911, Linde- 
manu constiaicted an .r-ray tube wnth a window of glass made oflithium 
borate. This glass permits the passage of a;-rays of wave lengths that 
would be absorbed by any other glass thus far invented The lithium 
borate glass, known as Lindemann glass, is not very permanent 
The glass was improved by Cossor who made a lithium glass that can 
be worked to better advantage and that permits joints to be made with 
platinum, as well as vuth ordinary soda glass and other forms of glass 
Cossor made an .r-ray tube composed entirely of this glass. Gabriel 
states that Schultz and Krause both used Lindemann glass windows 
and that Zehden, who also experimented with long wave lengths, 
employed i^ery thin soda glass. 

Bucky has nmitten numerous articles on the subject, tlie first of 
which was published in 1925. He employed a Muller tube which is 
specially constructed for the purpose of long wave length therapy. It 
is said to have an anode of low atomic weight (chiomium iron) and it 
has a thin Lindemann glass window. 

Prebous workers were compelled to use induction coils, gas tubes 
and less accurate instruments of precision than are obtainable today 
Bucky has enjoyed the advantage of a hot cathode tube, an inter- 
rupterless transformer, voltmeter, iontoquantimeter, spectrograph and 
other modem apparatus and instruments, in addition to knowledge 
that has been handed dovm by earlier investigators in the same field 
It is difficult to estimate the voltage used by the eaiher workers 
Buclv^’’ avers it was about 15 or 20 kv. His work has been done with 
voltage that has dropped gradually from the higher figures to a maxi- 
mum of 10 kv. 

Recently, .i-ray tubes for mtraoral use have been perfected. Ihej 
provide intense radiation of long wave length There has as jet been 
no personal experience with this method 

Physics. — It has long been known that the commeicial .a-raj u e 
emits practicall.v no .r-iaj's wlien run at a voltage of 10 k^ or ess 
The reason for this is that the glass of which the tubes ^ ^ 

high absorptive power for the long waim-lengtii .a-rays It . i 
taken as the limiting value for the Amltage, the shortest 
of the .a-raj^s whidi are excited is given by the nell-knonn < 
formula, which is- The shortest wave length in Angstrom units eqi aJs 
12 35 divided by the peak voltage in kilovolts This va ue is o ^ . 

1.235 A Longer wave lengths than this are retained by 

Many years ago Lindemann showed that if a h ? v loncer 

was used; and the thickness kept low, .r-rays of 
wave length would escape from the tube than ni u* Ap tube 

As the lithium glass is difficult to Jass opposite 

of ordinary glass and insert a small window of S 
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the anticnthode The construction of such tubes does not \ar\ in 
principle from that of ordinarv tubes The nnticitliode is imde of 
tungsten or in iron-chromium nllo\ and the electron stream is dtrned 
from a hot cathode as m the usual Coohdge construction Water 
cooling of the anticatliode is usual, as it greath incrcascs^the tube 
output Under the''e circumstances, radiation from 1 to 3 1 appears 
in quantlt^ outside tlie a>rav tube, though probabh at least 50 per 
cent is absorbed e\cn m the lithium glass wmdon Ihc litlmim glass 
Is not ahboluteli es«ential If the nail of the tube is kept thin enough 
such long na\e length ar-ra\s as mentioned mil penetrite m large 
quantities, but tubes mth thin glass uindows are difficult to liandle 
from the mechanical aspect A-ra\s of the longer na\e lengths are 
rapidl\ absorbed in tlie air Of those of 2 A, 20 per cent is absorbed 
m a 10 cm thickness of air, tlie corresponding absorption for 3 A being 
40 per cent It is nccessar\, therefore, in practice, to make ncciirite 
measurements of the skin focus distance, and it ma\ ei en be ad\ isable 
to filter the radiation mth \er^ thin aluminum foil, properh supported, 
in order to get a little more homogeneous radiation It is ob\ lous that 
if 20 per cent of tlie shorter waac Icngtiis is absorbed in 10 cm of nir 
tlie absorption in the skin mil be much higher As a matter of f ict, 
the radiation of 3 A loses one-half its \nlue m penetrating at a 
maximum 0 2 mm of the skin, niulc that of 2 A loses one half its 
\alue at approximateh 1 nim bclon the skin surface lliis docs not 
mean that a certain amount of Uie shorter \\a\e lengths mil not ha\e 
a considerable range, and this is shonn b\ the fact that it is possible 
to take excellent pictures of the bones of the hand mtli sucli ndiation 
Also the gram structure of a piece of pmc nood 2 5 cm thick is nell 
brought out b^ a sliort exposure mth such a tube, giiing much more 
detail than is ordinariK obtained mth higher \oltage5 
The clinical measurement of these long ra\s can be carried out b\ a 
special^ constructed ionization chamber of the thimble t^pe Ihe 
chief point is that the nails of the chamber be thin enough so that 
the radiation is not largel> absorbed before it reaches the air of tlie 
chamber In nell-equipped laboratories the measurements can be 
made of course, mth an open ionization chamber such as is U'Jed as a 
standard m determining the roentgen 
Biologic Effects —As the action of tliese supersoft ‘ mfraroentgen, ’ 
or grenz rajs, as Buckj has called them, is nhollj atomic despite 
their long na\e lengths, it nould be expected that the\ nould follow 
the quantitative laws alreadj established for the biologic action of 
radiation bj Wood and Packard In fact, Packard has show n n ith 
the eggs of Drosophila that the biologic action of the soft a:-ra\ s of 
the type under consideration is tlie same as x raj s of short n a\ e length 
or gamma ravs of radium the lethal curves superimposing exactlv 
ClmicaWv, however, the biologic efiect mav be expected to be some- 
what different from that of shorter nave lengths, owing to the fact 
that the absorption takes place largely m the first few millimeters of 
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the skin Consonant with this fact, the histologic changes pro- 
duced Jiave been described as slightly different from those following 
ladiation of the shoiter wave lengths, the lesions being somewhat less 
marked in the vessels and characterized chiefly by proliferation of the 
connective tissue and ceitain clianges in the stratum granulosum of 
the epidermis. But it is doubtful whether there exists any fundamental 
diflerence between the reactions following the application of any wave 
length of .r-rays to the skin 

Apparatus. — The exciting apparatus may be a stepdowm transformer, 
the current loi which is obtained from a modern interrupterless a-ray 
transformer, or, as is usually the case, a special transformer, designed 
to supply a maximum of 10 kv and 10 milliamperes, is employed The 
principle of such a transformer does not differ from that of generators 
used for short W'ave .^-ra3's. It is simply' a liigli tension transfoiraer 
wdth a closed iron core. TJie higli tension transformer is regulated 
by botli autotiansformer and resistance contiol. One of the high 
tension lines is grounded TJiere is a small stepdowm transformer to 
supply' suitable current for the Coolidge filament A voltmeter and 
milhamperenietcr arc built into the switchboard The unit is self 
rectified The tiansfonner, with its accessories, is housed in a small 
cabinet on wliich is mounted the switchboard, controls, tube stand, 
and the water-cooling device for the tube if the tube is wmtei -cooled. 
The apparatus is designed for use with commercial 110 volt alternating 
current If only' direct cunent is available, a small rotary convertei 
may be installed in the cabinet 

Tube.— The special tube that is most popular for the purpose is a 
small, w'ater-cooled, unipolar, hot cathode glass tube w'hich, with the 
exception of the Lmdemann glass window', is encased in a raeta 
housing The tube is delicate, its life is likely to be short It is 
important not to touch the Lindemann glass wi’ndow' Some 
ray'’ tubes now' in use are air-cooled and made of pyrex glass. m 
w'indow' is inveited or sucked in and is made of extremely' thin gass 


(0 001 to 0 00.3 m ) i - i +i +iitq 

Bucky' and Glasser estimate the w'ave lengths obtame wi i 

tube and apparatus operating on about 8 kv as ranging rom ■ 
2.06 A. The average is about^ 2 A Ultraviolet rays lave 
lengths betw'een 4000 and 15 A. X-ray w'ave leng is range 
about 15 A to about 0.06 A. A-ray w’ave lengths " L 

radiotherapy' are betw'een 0 3 and 0 OG A. The grenz ray s, .g' 
fall w'ell w'lthin the .x-ray spectrum, but their average ^ 

than that previously used for therapeutic purposes ” at 

the longest x-iay wave lengths heretofore employ'e e p 

'*'outL!us“TSons,-Because of the towledge Wogic 

action of r-raj’S of varjous wave lengths, radium, 
and particularly the beta rays of low velocity, ca 
soft secondary rays from heavy metals, the biologic eflect g 
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rn\ b IS evictlN w Int ould be expected Depending on tlie size of the 
do-'e cutancoub rcactioiib x'lrx from simple cntliema (redncbs) to 
\ebicuhtion and crobion, \Mth exudation and cnibtmg Because most 
of tlie ndntion (asbuming tint it has m a\erngt ^^•^^e length of 
2 A) lb abborbed b\ the epidermis and upper lajcrs of tlie derma 
(depending considenbK on tlie thicknebb of the skin, \\hich xaricb 
markedl^ v. ith location and disease), the deep derma and subcutaneoub 
tissues are not likel\ to be <5erioUbK damaged nitli amounts usinlK 
emplojed for therapeutic purpo-'CS Ihcrefore no deep, indolent, 
painful ulcerb that are charicteribtic of thirdnlegrce roentgen and 
radium reactions ha\c 'ct been rci>orted While deh\ed reictions 
occur, it lb custonnr\ for the eiatheina to appear witliin tuent\-four 
hours Regardless of the uitciibiU of the reaction inflamination 
usualK disappears lu a few weeks deep pigmentation, howexer, often 
endures for main months Sexeral tunes the crxthcma dose max be 
gi\en at one sitting without efftcting epilation altliough if the dose is 
sufficientlx large epilation occurb lour, and e\en eiglit timts tlie 
erythema do^e of short waxc length x-raxs liaxc been administered to 
small areas w ithout prox okuig more than a mild second-degree reaction 
riu. grtnz-rax crxthcnn do^e Inb been incrca'^cd considtnblx more 
than tlub w uhout cITcctiug more th in an mtenst. trx them i {superficial 
edema, and pigmentation, with at timcb, xcMcuhtion erosion exuda- 
tion and crusting 

Seqiieloj thua far Inxt been uncommon Ca'^cb of atrophx and 
telangiectasia liax c been reported SuIBcicDt time Ins not x et clapbcd 
and too few paticntb Inxe been treated, to allow one to estimate 
accuratelx the poaaibilitx of soqiieire or to determine the possible danger 
of small and large doNCS repeated ox er a considerable period IIow ex er, 
It can be said tint grtiiz rax thcrapx is safer than thenpx with shorter 
xvaxe lengths, for both deep and supcrfiual tissues Tins is cspecnlK 
true for unskilled operators either method is safe xxlien properlx 
emplox ed The safetx factor m grenz-nx tlierapx depends pnncipalK 
on Using a tension below 10 kx prcfenblx about 7 or 8 kx 

Technic — \s with short w axe-length xraxs grenz-ra^ dosage max 
be estimated bj the direct method (photographic and pastille radi- 
ometers spectrometer, electrostatic xoltmeter lontoqiiantimeter, bio- 
logicallx xvith seeds or hrxa.) or bx the indirect method (milhamper- 
age xoltage time, and distance) or bx a combination of the two 
For the combined method xxhich is the method u-^ed mostlx in this 
countrx it is customarx to hax e a phx sicist standardize a gi\ en appa- 
ratus ind tube in terms of peak xoltage waxo length, roentgens 
and erx-thenn dose m other wonis quantitx and qinhtx expressed in 
miUiamperage xoltage time, and distance An amount oxer 200 or 
300 r (half absorption xalue 0030 mm of aluminum) is hkel> to 
cause mild erxthenn The quantitx required for the erxthema dose 
xaries considerably with different authors because as yet there is no 
definite clinical, biologic, or instrumental standard for tJie erythema 
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lir^t talibiated for peak ^•oJtage by means either of a sharp-pointed 
or of a small sphere spark gap, preferably the latter. This is done 

.N tne manufacturer and should be checked occasionally. Eight kv., 
witii 8 iniljiarnperes, will give an average wave length of approxi- 
mateh\ 2 A (lialf absorption value 0.036 mm, of aluminum). The 
vorkmg distance is G cm. The time factor is obtained by apply- 
ing the radiation produced by the constants mentioned to small areas 
of skin on some fairly sensitive part, such as the flexor surface of the 
forearm of^ a young adult, in increasing amounts until erythema is 
evoked. J he time is then recorded and added to the other constants. 
This is tailed (arbitrarily) the skin unit or erythema dose. Most 
operators in this country employ the following constants for the 
erythema dose* 8 milliamperes, 8 kv., four minutes at 6 cm distance. 
This gives apjiro.xiraately 370 r (Glasser), The time factor maj be 
divided for Iractional treatments and multiplied for massive dosage 
All other factors should remain Sxed. A change in any one will 
necessitate a change in one or more of the others. The technic is 
cheeked frecjueiitl.s with an ionization dosimeter. 

Rouglily, most of the technical rules relating to shorter vave-Iength 
z-rays pertain to grenz-ray therapy; variations in skin tolerance due 
to age, sex, complexion, location, thickness of skin and its various 
layers, especial^ the horny la\er; disease; idiosyncrasy, impossibiht} 
of obtaining an erythema color standard or index; increase of erjdhema 
or other ^'isible biologic effect not proportional w'lth increase o 
quantity or quality of radiation; possible accumulative action o 
repeated applications, avoidance of extremely large doses, a eas 
until more is know'n relative to the possibility of undesirab e a e 
results. There are exceptions: Grenz rays produce less sra ring 
and fewer secondary ra\s than do shorter wave lengths, , 

there is less difierence in detectable effect when the radiation is 
to large areas as compared to small areas. to 

lengths are absorbed by air, it is necessary to place the u ^ J’ , 
the skin; also distance must be accurately measured an ® ., r 
because the percentage of error at a short ^'^tence ^ 
greater than at the working distance of 8 or the skin 

ployed with shorter w*ave lengths. It 
immediately around the treated area wnth thin e 
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in ‘ipprccnble ‘iinount passes through onU tlic Lnideunnn glass ^^ln- 
dovs It dots not tra\ l 1 far and it docs not cxcitc mvicU secon(hr\ and 
scattered radiation, therefore it is iinnccc^snri to protect especialh 
the patient s bode or tlie operator 

Therapeutic Results —^Miile the radiation is a useful tlierapeutic 
agent, it is less efficacious, less acrsatile, and more time consuming 
tlnn a-raes of shorter e%a\e length In spite of the higher degree of 
safete, the method I's not \et suitable for use b> nn\ but tlio<5e nbo 
lia\e been adequateh trained in x-ra\ nork 
The best field for grenz ra\ thcrapi is m dermatologi Here tiie 
results lia\e been good in some diseases It is espceialh suitable nhen 
It Is nccessarj to oid temporary or permanent mjur\ to important 
organs and to glandular apparatus in or under the true skin— 
liair roots sebaceous and sweat glands, testes c\es Even here there 
are limit itions With Iicitw dosage or repeated applicitions enough 
of the shorter wa\e lengths inai be absorbed b\ tissue below tile epi- 
dermis to effect undesirable and perhaps serious mjur\ However 
tlie method is coinjiarativ tK safe and v er> useful for patches of v anous 
dermatoses located on the scrotum, ejelids, ind scilp— eczema 
psoriasis liclicn planus lupus v uJgaris kcrato'^cs and verv superficul 
basal-c*cll epithelioma 

^\ith tubes avadable at present, used at a skin target distance of 
0 cm , the exposed area of skin is a circle having a diameter of about 
4 cm Obviously, the mctliod is not suitable for the irradiation of 
univeiNal, generalized, or ettensivc eruptions 
Published reports of therapeutic results are eomparativelv meager 
and thev come from eomparativelv few workers Most of the favor- 
ible results have been obtained with large do'-es (ervthenu dose to 
several or nianv times the erythema dose— from 300 or 400 to 1000 
or 4000 r administered at one time and repeated if necessarv at 
intervals of from one to several months) There has been little expeii- 
cnce with fractions of the ervthcma do^ administered once weeklv 
Thus far fractional treatment has not been especiallv successful In 
general it is doubtful whether anv skin disease (not an individual 
case) can be cured with grenz ra>s that cannot be cured with x ravs 
of shorter wave lengths or witli beta rajs of radium Oceasionallv, a 
patch of some inflammatorj dermatosis such as eczema or psoriasis 
that IS not favorablj influenced with verv conservative treatment 
with a: ravs of shorter wave length will vield to a massive dose of 
grenz ravs, more often, shorter wave lengths succeed when grenz ravs 
fail 

Good results have been reported in some of the follow mg condi- 
tions patches of eczema of all tapes patches of lichen planus and 
psoriasis localized essential pruntus, perleche, w arts of v anous tj pes 
lupus vulgaris Bazins disease, tuberculosis verrucosa cutis, scrofulo- 
derma basal cell epithelioma superficial cavernous angioma, straw - 
berrv mark port-w me mark boils Kaposi sarcoma sarcoma of v anous 



190 


ROENTGEN THERAPY WITH LONG WAVE LENGTHS 


pes, dermatitis iierpet^ormis, paronychia, ringworm of scalp and 
skin, acne varioliformis, Darier’s disease, mycosis fungoides, keratoses 
and poikiloderma. Poor results liave thus far followed the use of 
grenx rays m sycosis, xanthoma, acne vulgaris, keloid, dermatitis 
papillaris capillitn, alopecia areata, prickle-cell epithelioma and tubercu- 
lide. Uith few exceptions the grenz rays have not yet been tried for 
skin diseases other than those mentioned. The authors have used 
grenz rays for about lit teen years in the treatment of ^mrious derma- 
toses. 1 he response of skin diseases has been so poor that this method 
of therapy has been practically discarded. We failed to cuie or e^en 
improve in the slightest degree anj'^ one of inanj’’ cases of nevus flam- 
meus which wc treated. 

Several dermatologists have obtained results in lupus vulgaris that 
seem superior to those possible u’lth shorter wave lengths. However, 
the difficulty just now is that leports of success and failure are, for the 
most part, based on too few cases, in many instances only 1 or 2 
patients having been treated. For this reason and because greater 
technical knowledge is required, several years must elapse before it will 
be possible to give an accurate or even fair evaluation of the method. 
During the past few years ai tides on grenz-ray therapy ha^e been 
publislied which have not been, in our opinion, any more convincing 
than the earlier articles. Ivalz wrote an extensive article on grenz 
rays in which he states that he cured or lmpro^'ed with grenz lays cases 
of nevus flamineus, .scleroderma, poikiloderma, acne vulgaris, keloids 
and many other diseases which we also have treated with gienz ra}s 
without cure or improvement in a single case 

Other full articles on the use of grenz ra3's in deimatology have been 
written bj'^ Rj'an and bj'^ Saghcr. Dostrovsk.y and Sagher successfullj 
treated with grenz raj'^s cases of cutaneous leishmaniasis. We have 
had no experience m the treatment of this disease with either grenz 
ra3^s or .a-ra3^s. 

Judging b3’’ present knowledge, Buck3'’s prediction that grenz lays 
will replace .T-ra3's of shorter wave length in dermatology is too op i 
mistic. It IS our understanding that American dermatologis s use 
grenz ra3's less toda 3 '^ than when the3’^ were first intioduced 

Attempts have been made to influence various ii^ernal iseases 
appbdng grenz rays to eight areas on the trunk. The 
(so-called general or indirect treatment in contradistmc lo 
irradiation of lesions) has been used, also, for some skm ‘ ' 

especially those that involve ex-tensiye surface^ those t la a _ 
terized by remissions and exacerbations, and those tha , 

due to some systemic disturbance. The ,,s radium, 

is based on the fact that radiation of various kinds 
ultraviolet ra3^s) if properly emplo3md will at ^ 1 ™^® such 

leukocytosis, also that through the system, 

radiation may affect the endocrine glands, gei bgjjeves that 

general circulation, metabolism, or vitamins, Hu v} 
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the grenz r'i\s ire more efficacious in this respect tlian radiation of 
an\ other :\a\c length He pi\es the follo^^nlg tcchnic for irdirect 
treatment The tor'^o is diMded into four areas, front and hick (eight 
in all) On each of eight successi\e da>s one field is irradiitcd at a 
distance of 15 cm witli from loO to 300 r ^\hcn the eries is com- 
pleted a'sccond senes, is gi\en following the original «;cquence but 
making the exposures c\er\ second dax The two senes constitute a 
course of treatment As i rule sexeral courses nrc admmi'itertd with 
interxals. of rest depending on indications 
Good results for the indirect grenz ra\ treatment ire cl limed for 
gastric ulcer gastric In peraciditx , Banti's disease, pol> c\ themia rubra, 
Inpotlnroidism, djsmcnorrhca, oligoinciiorrhei, amenorrhea Inper- 
tncliobis, asthenia, arthritis deformans, asthma, pertussis, angina pec- 
toris, and spastic constipation Exophthalmic goiter, Hodgkin’s dis- 
ease ind Icukemn are not f ixoribK infiiieticcd 'ihL recent htirature 
does not corroboritc the earlier faxorablt reports published mainlx 
In Buckx of the bcncfici d effects on the «t\stcinic di<5ca‘'cs n eiitioncd 
h\ the indirect method of grenz-rax tlieripx Indirect trcitmcnt was 
used succcssfulh b^ Buckj in a mimberof skin di«icascs acncxulgans, 
icne rosacea, unix ersal crj tliroderma, and urticaria I lie effect on acne 
rosacea is said to be espcciallx good 

riic results of indirect grenz rax treatment Inxe not xct been 
corroborated to nn\ extent also, onl> a feu ca^es of each disease haxt 
been reported The method and pirticularlx the explanation for the 
alleged good results liaxo been received with skepticism It will be 
neces'sarj to compile statistics from a number of clinics oxer a period 
of xears before the xaluc of indirect treatment can bo iscertaincd As 
far as our ptrsond experiences ire toiiccrntd we Inxe found the 
indirect method to be completeix useless in the treatment of skin 
diseases 

BlBLIOCnAPIIX 

Bocky G Grenz r»y Therapj with contributions by Otto Glisscr nnd OIry Becker 
Manheimer translated by Walter Jamc^ Ilighman New \ork The Macmillan 
Company I0'’g 

-Actual Superficial Therapy bj Grens (Infra ItoentBCn) Rays Arch 

Dermat and Svph 16 07_ 1927 

^Grundhnicnund Xusbbeke dcr Grensitrahlenthcrapic Strnhlentherapie 24 

524 1927 also in Fortschr a d Geb d Rontgcnstrahlcn (Kongressheft) 35 10 

Reme ObcrflTchentherapie mit ubcrweichcn Rontgenstrahlen Munchen 

med Wchnsclir 72 802 192./ 

Rationelle Uautthcrapio durch Grcnzatrahlen Jahreskur o f arztl Fort 

bild 17 (Heft 8) 19 1920 

Bicky G and Mllleii E f Strahlcndc Encreie Haut und autonomes Nerven 
system Munchen med Wchnsclir 72 8S3 192., 

Dostbo\sky a and Saoiier F Treatment of Cutaneous Leishmaniasis (Oriental 
Sore) b> Grenz Rays Arch Dermat and byph 45 6C5 1942 
Kalz F Theoretic Considerations and Clinical Use of Grenz Rajs m Dermatoloav 
Arch Dermat and Sjph 43 447 1941 

Kaye G XX C X rajs 2d ed New Xork Longmans Green d. Co IQl” p 171 
Kiesch II Phjsikahsche Untersuchungen uber die Buckyschen Grenzstrahlen 
MQnchen med W chnschr 74 578 1927 
Lindesiann Quoted by Kaye 



192 ROENTGEN THERAPY WITH LONG WA VE LENGTHS 


Quoted by Ka>e. 

Ryak, C ; GreJiz R.ay Tlierapj in Deraiatolog>% Brit Jour, Dermat , 54, 47, 1942, 
fi>iOHri{. r.: Therapeutic Um; of Grenz flnfra-RoentgenJ P.,ayfc in Dermatology, Acta 
Med Orient, 2, 03. 1943 
Schott. Quoted by Ka> e. 

Schultz, P,; A'-ray Treatment of ,St5n Di^eaw^, Xew York, Ilebman Company. 

1912, pp 01, 81. 02, 92, Translated by Jamer> Burnet 
Wood, F. C, and MacKeh, G, M : Therapy with Long War elengtb A-ray* (Grenz 
Racfc). Jour. Am. Med .Aiin , 96, 111, 1941 



CmPTFR \I\ 


niOIOGIC \Nn BIOCHl MICAL I TFrClS 01 
II \DI \TIOV * 

Vlmost ns soon ns x rn\s were <lisco\oro<l, cvpcriments ^'c^e under 
tnken to see l10^^ the\ nffcctod h\in(; orgnnisms Becquercl s fnmous 
mclium burn, resulting from cnrr\ing a small tube of rndionctue 
nntenal in Ins pocket, dre\N attention to the susccptlblllt^ of tlicliumnn 
•skin to tlicso ruJntjons 

Mnn\ of the earlier reports of rndntion effects are contradictor\ and 
incomplete Records of cxiicrimcnts pcrfonntxl on onl\ a feu null 
\iduals under questionable conditions of cvperuncntal precision and 
without adcouUc controls Hootlctl the literature Ilowt'cr, within 
the last few \cirb a great <Iealof painstaking work has been done with 
\anous biologic inatenaN so tlint main of ihc Joris regarding the 
effects of ridntions upon tlicin arc fairl\ well known 1 he crplamUon 
of these facts howo\er is still far from complete 

Effects on the Cell — Tlio point of attack on an^ In mg organism must 
bethccc// ( lunges in an\ cell as the result of irradntion could be pro- 
duced in one of two wass— indirecth , b\ the action of other irradiated 
cells interfering with nutrition or dcxelopmeiit or directly , bj the 
action of the radiation on the cell constituents At least some of the 
cells must be acted upon directly, ami these are the onlj ones we need 
consider ^^e will first describe the txpes of effect which nia\ be pro- 
duced, and then discuss briefly the theories which hace been proposed 
to explain them 

Except in the case of \erj intense irradiation, no immediate effect 
IS obserced in the cell After a longer or shorter latent period, changes 
begin to take place Canti made extensiac studies and main motion 
pictures of the behaiior of tissue cultures under ^a^lous conditions of 
irradiation In these li'ing cells the translucent protoplasm liecame 
turbid and then finch granular and the proteins normalli m a \er\ 
fineh dnidcd state formed \isiblc aggregates The cells lost their 
motihtv and remained compicteh quiescent Cells which were in 
mitosis at tliL tune of irradiation complete<l their division and then 
remained unchanged for some time while those not actualh dividing 
were prevented from so doing Tlius far the change was reversible 
If the irradiation had not been too severe the cells resumed their 
activitv returned to a normal appearance and began to divide nor 
mallv However sometimes a ceU which had returned to an appar- 
enth normal condition after dividing a few times suddenh died 

•In the hst edition this chapter was revi-*®*! by Dr Ldith II Quimly ‘’ome of the 
material added bj Dr Quimhy Im been retained in thn edition 
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Even in moderately irradiated cultures, a number of cells may succumb 
in this fashion, but their place is eventually taken by others which 
have escaped injury, the final result being perfectly normal tissue 

If the irradiation is sufficiently severe, the cells which are injured 
never regain motility, but begin to disintegrate, sometimes almost 
explosively. 

In addition to the changes observed m living cells, others can be 
followed in stained preparations, particularly^ in the case of cells in 
mitosis Cytolysis occurs, the chromosomes shrink, dump together, and 
group themselves irregularly- The chromatin falls into fragments, the 
nucleus is destroyed. The protoplasm becomes more \iscous, and 
vacuoles are formed in it. Cells m wliich these changes have taken 


place do not recover. i 

In addition to these specific changes in cell s-tructure and behaMor, 

certain plnsiologic reactions are affected. There is an increase in 
hXeU-ion concentotion, .l.iel. be .cry trae>.,tor.v » come 

tissues, but which in others may persist for some hours ^ 

With the change in acidity is associated an increase in 1 p m 
bilitv of the cell membranes Sucli a condition ma> 

«l„t of fbc ceil to escape i?‘<> ""op asm 
there, and causing the increase m the viscosity ^f e 
In some cells respiration is decreased and gl.vcoljsis me 

these phenomena do not always occur. radiosensi- 

Radiosensitiveness of Cells. -Various <^eHsjl ^eyn 

tivity, so that for some types a been’found which will 

chances begin. But no living organism has been i 

not be influenced if sufficient radiation constant environ- 

Even in cells of the same kind, ^ngitiveness to radia- 

raental conditions, there is a ' jj 

tion, some dying with a comparatnmly mortality curi es 

doses several times as large. In I’lg 'V ; j^g^d. These cuiw;es 
for several different kinds o cells, J 

all have the characteristic “sigmoid the group with 

different, ^^eans show mortality of so 10 shows com' 

less than 10 per cent of the lethal dose, wh ue sa 

plete survival up to 30 per cent of ^ one-half of the members of a 
The dose of radiation required to ki , ^ . jgthal dose^'hich 

group is usually studied, cells. This oO 

„ay be influenced by a the various orga^!. JZ 


Sen ?bat there is a ve^' 120 tin>ss the dose 

;;"o Sil „?e-halffttsala.uander that , 

In 1904 Bergonie and Tribondeau an an 

sensiti^^ty varies directly with the rcimo accepted ver 

inversely with its degree of differentia i ^ ^ general se 

S£S:y toattae but isnow too^^ lave a ver; 

LjTuphocj^s are highly radiosensitive, 
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limited power of rcprodiJction On the other Innd, bactern are ^en 
resistint, althougli tlie^ are compar'itneh unchtferentiated The 
\nnous cells of the Inim'in botl\ differ greitb in ndiosensitnitj 
Desjardins Ins contributed MrgcK to our knowledge of rehtiie ndio- 
sensituit\ of \ annus tnsucs lioth noninl niul di‘»ea«cd In discu^^sing 
the ntioinle of ruhothcrip\ for iiifl imm‘itor\ conditions he states 
it seems not unrca‘>on il)h to assime tint irrailntion b\ dtstroMng 
some of the infiltrating IcukocNtcs caints the protectne substances 
in thexe cells to be liberated and to lit nnde o\ tn more rcadih a\ nilable 
for defensut purpose, than ^\hln thc\ utre m the intact cells This 



Flo 07 —Mortality rur\ci for \3rious kin»h of cells (Packard in Gjasser a Scjence 
of Radiology rourtc j of Charles C Thomas ) 

the increase m phigoictoMs which follows the dismtegrUion of 
the cells represent the mam effects of esposure to roentgen ra\s and 
radium In general cells nia\ be classified according to radiosensitn it\ 
as follows going from greater to less sensitic it\ 

L>mphoid cells 
rpithelial cell 
Kndothelnl cells 
Connectiv e-tissue cells 
Muscle cells 
Bone cells 
Ner\e cells 
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A senes of 12 articles by Warren and one eacli by Dunlap, Friedman 
and Grates appeared in volumes 34 and 35 of the Archies of PaMoqv 
fiealing with the effects of radiation on normal tissue. The reader is 
referred to these articles and to the discussions of the effects of radia- 
tion on various human tissues which are found in Chapters XXI and 
XXII . 


General Systemic Effect. — Within a few hours after the application 
of a suffieiently high dose of radiation, some individuals exhibit a 
syndrome usually referred to as “roentgen sickness” which, clinically, 
IS not unlike seasickness In some patients a relatively small amount 
of radiation (100 r) vill jiroducc these symptoms, while others may not 
show them even under intense irradiation. Treatment of the abdom- 
inal region seems to be more likely to produce the difficulty, but it may 
arise after any t.ype of irradiation. Numerous efforts have been made 
to find the cause of this systemic reaction, which must be due in some 
way to flooding the organism with products of cell destruction follow- 
ing 11 radiation Clark summarizes the explanations which have been 
offered— none of which has liecn proven— as follows: “Explanations 
advanced include lowering of sodium chloride content in blood serum 
(in many cases injection of 5 per cent salt solution has been effective); 
decrease m cholesterol content, increase in calcium and decrease in 
potassium, nitrogen increase in blood, changes in protein, changes in 
blood sugar, inctease in blood coagulability, change in .sedimentation 
rate of led blood corpuscles; release of “H” substance from injuied 
cell, etc A highly important and interesting recent discovery is that 
the injection of 1 cc of liver extract is very effective in eliminating this 


effect.” 

Stimulatmg Effect of Irradiation. — Among the early investigations o 
biologic effects of radiation were many in which the experiraeiita 
conditions were not carefully controlled. The results of some of t lese 
indicated that small doses stimulated growth and larger ones retar e 
it Tins idea was in accordance Avith the known behavior o cei ain 
diugs, in which small doses acceleiate and larger ones 
functions, and it gamed ready acceptance HowcAmr, care u 
rnents haim never detected an actual .stimulating effect, oi any o 
whatever Theie is undoubtedly a transitory acceleiation o ‘ 
physiologic processes, but this continues for only a s lor , 

is followed b^^ a compensating period of quiescence, even wie < 
injury is not produced. Radiations ate always injunous o 


ivhch ahsoih them , c„i,r.pnhprc:. 

The Effect on Hereditary Material.— Ever since A1 ers 

m 1903, discovered the sterilizing effect of x-rays, there J. 
meat regarding the question of whether irradiate S®™ changes 
escape complete destruction may be so altered a 
produced in the hereditary material Such changes i and 

reaching significance, both from the point of view P 



QUALIT\ Ot LAD!\TIO^ \\D BIOLOGIC FFhECl 


107 


transmitting undesirable clnr^ctenstics in the liiiman nee, and of 
piirpo^efuIlN inodif\ ing plant and animal organisms 
Actual demonstntion of inheritable cliangts is ^e^\ diflicult l)ecaii<;e 
of the complicated nature of the geneh and their bchaMor Man\ 
reports ba'^etl on the ob'^craation of onl> n fen indniduals for t«o or 
three generations must be considered worthies^ IIo^^c^e^ the bril- 
liant A\ork of II T Muller on Drosophila cggbsho^^s be^ond question 
that in this organism licrcditnr\ changes can be cfTcctcd b\ irradiation 
Other workers In\c shown malogoiib results with niiincrous plant and 
animal subjects 

Iherc IS no wa\ of controlling tlic changes produced and the great 
mijorit\ of tlicm are dctrinitntn! \ll of the mutations whidi lia\e 
been ob'^eracd after irradiation are al^o ob«cr\ed in Nature, but a \cr\ 
small amount of ruliation makes the appearance of changes in tlie 
irradiated group iiiatu times more frequent than in the controls 
11ns question is of great significance in railiothcrapv Iiccause of the 
possibilit\ of damaging tlic hcreditarx material in the course of treat- 
ment Ihe following quotation from Muller empliasizes tins danger 
‘If irradiation causes an increase in the mutation frequence of man 
similar to that in Drosophila, then it wouhl take an a\ crage of onK 30 
or 40 roentgens per individual to make the rate at whicli liereditarv 
wcakne^'^es and Icthals arc produced elouble the natural rate 
‘ Of course, sucli cfTccts could be produced onI\ if the reproductive 
organs received tlic radiation and if reproelnction occurred subso- 
quentlv to this Wc must remember tint tlie effect is e\actlv 

proportional to tlic amount of cnergv rcaived andc^actlv cumulative 
over an indefimtclv long period llms if tlic germ cells received onlv 
a little secondarv radiation not enough to cau-o infertilitv or am 
noticeable physiological reaction hut received this repcatedlv at 
widelv separated intervals even in successive generations the final 
effect would be the production of mutations as great as tlioiigb the 
whole treatment had been gi\cu at once 
This last statement is based on the assumption that the human genes 
are affected bv irradiation in the samev^av as those of the Drosophila 
In no other human tissue has tins tvpe of exact cumulation been found 
However, even granting the possibihlx of considerable recuperation 
it IS ev ident that the danger still exists In anv gi\ cn case it is impos- 
sible to prove that the production of phxsicalN or mcntalh iffccted 
offspring IS to be dircctlv attnbuteel to irradiation 
Bactericidal Effect — The earliest biologic experiments within a few 
months after the discoverv of x-rixs were a search for a bacteri- 
cidal effect Bacteria in pure cultures can be killed with sufficieiitlv 
large doses of radiation Most of tlieni are, howe\er so resistant 
that anv attempt to destrov them as a chnical me isure v\ould require 
doses w Inch w oiild be dangerous or e\ eii lethal for their hosts 
The Relation of Quality of Radiation to Biologic Effect — Earlv exper- 
iments on the effects of different qualities of radiation seemed to show 
13 
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differences between the results of treatment ^^ith hard and soft rays, 
so that beta rays and soft .r-rays came to be spoken of as caustic ', 'm 
contrast to the so-called "healing” effect of hard rays. With the 
availability of instruments for measuring dosage more carefully, it 
has been found that in many cases what was thought to be a difference 
due to the quality of the radiation could be attributed to different 
doses or different miensihes. We are concerned with the effect of 
equal doses of radiation of different qualities, delivered in equal 
times. Based on experiences with ^ arious biologic materials such as 
fruit fl\ eggs, plants, etc., it would seem that biologic effects are not 
dependent upon ray qualities, but upon the quantity of radiation 
administered One is justified in assuming that the behavior of small 
eggs or seeds suspended on gauze under the .r-ray tube will be different 
from the entire animal (or human) with its interrelated tissues, changing 
blood supply, and the complications of back-scattered radiation 
Chemical and Biochemical Effects. — It seems apparent that changes 
in the life cycle of the cell must be due to some changes in its consti- 
tuents That is, ultimateh', the basis for investigation must not be 
the entile cell, but tlie individual molecules In the effort to under- 
stand the alterations which may take place in these fundamental 
units, many chemical and biochemical researches have been carried 
out. A large number of chemical reactions are brought about, or 
hastened, by the action of radium or roentgen rays Little mention 
need be made here of the numerous ones which probably have no 
relation to biologic changes The most important of them are the 
action on photographic emulsions, the liberation of iodine from solu- 
tions of iodides, the oxidation of ferrous sulfate, and the precipitation 


of mercurous chloride from Eder’s solution 

More significant are such changes as the decomposition of vater 
into hydrogen and oxj'gen, the synthetization of hydrogen peroxi e 
from water having oxygen in solution, the o.xidation of oxjdiemog o m 
to metbemoglobin, the precipitation of proteins and the inactiva ion 
of enzymes 

Whth the exception of the photographic effects, most of tnese rea 
tions require large doses of radiation for the transform^ion o an 
appreciable percentage of the material present It maj' be ^ . 
biologic changes result from very slight partial transforma ions o 
number of different chemicals present in the cell Or it ma} , 
the breaking down of only a few of the very complex organic mo e 


starts a whole train of subsidiary reactions +«liat- 

Mode of Action of Radiation on Cells. — It must be accep e ^ 
ever changes are produced result from a transfer of energy ro 
radiation to the irradiated material. The fundamenta pos s 

the action of radiation (knoT\'n as the law of ^mducinq 

states that only the energy which is absorbed can be pre’V acts 

any reaction Therefore the question is how the absor e en 


upon the cell molecules. 
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•\s Ins been seen in Chapter VIII the first result of the impact of 
radntion on matter is the production of secondary radiation in the form 
of fast inoMiiff electrons fliesc electrons ionize atoms in tlieir paths 
Tlie ioni7c(i atom n temponriK in in abnormal condition, and ^\liile 
in this state it lends itsdf readil\ to entering into new combinations 
Ioni7ation of the indn idnni atom lasts onh a a er^ short tune If 
howexer tnougli of tlicin arc ionized sitnultaneonsh a large enougli 
percent ige of tlit cell constituents ma\ undergo transformation so 
that an appirtnt chmgc is produccil Ihis lhtor\ has been elaborated 
b^ Iloltiiuscn Iacab''igno and others 

\ different point of ^ lew is that held b\ Dcssaiier He considers 
tint the point of actual attack in the cell is the large protein molecule, 
and tint ctll clniigts arc brought about not b\ chemical trinsforim 
tions but b\ an actu il coagulation analogous to the action of heat 
llie energ\ alisorlicd In the tissues c\eii for ^e^^ large doses of radia- 
tion is \cr\ small in coinjiarison to the amount neccssar% to produce 
complete cangulation of the aggregate of molecules in the cell Des- 
saucra\ Olds this diffi(ult\ In lus point heat In pothesis He assumes 
tint there must be a certain number of ilirect impacts of secondar\ 
electrons with uoms winch result not m ionization but in actual 
increase in tlic \(locit\ of the entire atom a narming up (It sliould 
be remembered that increase in toinpenturc nctinlb onl\ moans 
Increase in atoinu ttr molecular selocitics witliin tlie solid matter) 
He considers tint if a suffieientK bigh percent igc of tlic molecules of a 
gnen cell— 1/100 to 1, 10— arc thus warmed up, coagulation will result 
Tailla ins offend tlie most helpful tlieor\ for the action of radiation 
on the cell and its nucleus It combines features of both abo\e men- 
tioned concepts and builds from them n realiv workable Inpothesis 
He suggests that \ certain portion of tlic cell proteins are broken down 
(luring the radio lomratiou \nto simpler substances of the t\pe which 
dissociate or ionize, elcctroKticalb (see Chapter III) \Mien this 
occurs the ion concentration of the fluids both insult and outside the 
cell increases The fluids outside the cell are diluted or earned awa\ 
b\ the circulation those inside cannot be thus affected In the effort 
to equalize the concentration inside and outside the semi permeable 
cell wall, fluid will enter the cell causing it to swell This process will 
be hastened if the membrane has itself been weakened b\ direct hits 
Subsequently a similar effect takes place within the nucleus as the cell 
fluids outside the nucleus become more dilute than those inside, by 
the process just mentioned The swelling of the cell and of the nucleus 
are w ell know n r idntion eifee ts B\ lus theory Tailla is able to explain 
various other phenomena connected yyith irradiation e g delayed 
reactions \ariations m sensitnity witli tell structure and yyith yas 
cular supply, yanation m erythema dose with quality of radiation 
etc It does not explain hereditary effects but Failla supposes that 
these represent a different type of reaction probably direct hits on 
the (Jiromosomes 
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It is appaieiit lliat miicli additional information is necessary before 
all the phenomena of radiation reactions can be understood. New 
contributions arc constantly being made to the problem, and it is to 
be hoped that in the near future they will be extended and correlated 
to provide a satisfactory background for problems of radiation therapy 
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LUICTOr l-RV'iS VND lUDILM 0\ NORMAI AMI\rAL 
ORGANS VND IISSLI S 

In tills cliiptcr \\c gi\c no more tlmi i comlcnscd outline, ^\ltll 
csstiitiil or Imic inform ition of the efftet of a-ri\s and ridium on 
iiiiin d orj. Ills ind tissue For greitcr det id the reader is referred to 
a dissertation ind compiKtioii with complete liter irj rcMcu to 1944, 
Ij\ ‘Shields \\ \rrcu and colldioritors, an CNCellent monograph hj 
I redcntli I lluigcr ind i book edited b\ Ij-nst \ Polile, also, a series 
of articles li\ Dcsjirdms ihese references are in the bibliograpln at 
the end of this clnptcr 

As ins mentioned m tlie preceeling chapter each aarieti of cell m 
the bod' has a specific range of stiisiti'encss to r-rajs or radium 
Some cells sucli as tlie Icukoeites (c»iHcnlK the l>mphoc\tes and 
pohmorplioiiuclcar cells) arc most susceptible to irradiation, \ihile 
other cells, cspocialb tlie ner'c cells, arc higJih resistant Between 
these t"o cNtrcincs tlic otlicr \anetics of cells can be arranged, accord- 
ing to their \ uincrabilu' m a definite orelcr 

Lvinpluml cells (Kmphoe'tcs m tlie spleen, Kmph nodes intestinal 
Ijonph follicles circulating blood bone marrow, tli'inus, tonsil and 
other structures in wliicli such cells ma\ be present) 

PolMiiorpliomicIc ir Icukocitcs and tosinopliils m the blood or tis- 
sues 

1 pithelnl icIN (I) ba'^d epithelium of certain ‘'ecretor^ glands 
espccnil' the salmr' glands (2) basal epithelium (spcnintogonnl 
cells) of the testis and follieulir epithelium of the o\nr>, (3) basal 
epithelium of the skin mucous membranes and certain organs, such 
as the stoiiiicli and small intestine, (4) al'eohr epithelium of the 
lungs and epithelmin of bile duets (li'er) and (5) epithelium of tubules 
of tlie Kidne's 

rndothehal cells of blood \cssels pleura and peritoneum 

Connectnc tissue cells 

Muscle cells 

Roue cells 

I at cells 

Nerie cells 

B' ‘ specific range of sensitneness is meant that, when exposed to 
the same dose of ra\s under the same conditions, some cells are influ- 
enced more rapidh and to a greater degree than other kinds of cells 
At anj particular time however all cells of one kind are not affected 
to the same degree by the same dose of rajs This is because the sensi 

( 201 ) 
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tiveness of different cells vanes according to the phase of metabolism 
in which they happen to be at the time of irradiation Cells that are 
actively dividing are moi e sensitive tlian cells during the intermitotic or 
resting phase Any Jactor which increases the rate of mitosis (hyper- 
plasia) tends to increase the radiosensitiveness of the cells. The sen- 
sitiveness of different kinds of cells is closely related to their degree of 
differentiation and to their life cycle. 

Lsmaphoid Cells and Tissues.— Of the different kinds of cells, the 
lymphocytes in the spleen, Ij^mph nodes, tonsils, and circulating blood 
are tlie most sensitive When a structure containing many lympho- 
cytes IS exposed to even a moderate dose of rays, many of these cells 
rapidly degeneiate and disappeai After a large dose the disintegration 
of lymphocytes is so rapid that it has been likened to an explosion. 
First the chromatin material of the nuclei breaks up into fragments 
and, the protoplasm undergoing liquefaction, the cells disintegrate 
and the fragments of nuclear chromatin are scattered among the 
lemaining intact cells. Then some of the reticular cells assume a 
pliagoeytic property and ingest the fragments of eliroraatin, which , 
undergo intracellular digestion. As tlie destruction of lymphocytes 
proceeds so many cells may be affected that only the connective tissue 
remains. After a variable period of time, the remaining lymphocjdes 
which Jiave not been injured beyond recovery multiply and, depending 
on the dose of rays, partial or complete restoration of these cells may 
occur. After repeated irradiation, lymphocytic recovery may he slight 
or ml. 

This effect was first observ^ed experimentally by Heineke and by 
Rudberg. Since then many others havm confirmed the exceptiona 
sensitiveness of Ijntnphocytes 

Tonsils,— Being made up of lymphoid tissue (chiefly lymphocy es 
and varying degrees of connective tissue according to age), the ' 
like other lymphoid structures, are quite sensitn^e to x-rays or ra lu 

Thymus.— This gland is both an endocrine organ and ^ . 

IjmiphocjTes, Heineke in 1905 reported that the normal ^ 
radiosensitive. The radiosensitivdty is about intermedia e e 
the spleen and the Bunph nodes The hyperplastic^ thi’Tnus 

radiosensitive than is the normal organ. Hyperplasia o ^ ^ 
in early life, the so-called thjanicolymphatic state, can o en 


rented b}^ irradiation , , , fhat 

Blood and Hematopoietic System.— It has long been , 
x-rays are capable of reducing the leukocyte and 

well as in normal blood This fact was first noted m ner- 

Caldw'ell and by Senn This information caus<^ pxammed 

turbation and practically all roentgenologists had them^ , alarm. 

The result, fortunatel}', was such as to negative t ^ , ipnkocyte 
There were a few mstances of lovv'ered erythrocj e , jpgjgts 

counts, but in this respect the variations anaong occupa- 

were no greater than among average indiviciuai 
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tions In tins connection Uenjimin, \ Heii'-b Sliika and Schwarz 
found e\idcnce of injur\ to the hemitopoietic s\s>tem in 10 roentgen- 
ologistis who Ind l>ecn tvposetl to xri\j» o\er long periods of time 
riit\ also cited 2 fatal cases of IcukcinM among roentgen-rn workers 
and one in a chemist engiged m the production of radium Mottrani 
and Clarke found leukopenia in persona wlio had been exposed to 
radium Sc\ oral cases of pernicious anemia ha\ e also been reported 
rinsicians and otliers wlio cmplov xraas or radium for medical 
purposes and wlio therefore ma\ be tvliosed to these agents at fre- 
quent mtcraals ma\ and not infrcquciitK do sufTer ill effects One 
of the earliest t\idcnccs of injure from this cause is leukopenia tspe 
tnll\ hinphopcnn Because of the sliortcr distance at which it 15 
coinmonh empioacal, and often bet uisc of careless handling radium 
is more d uigcrous th in x-r i\ s 

lhanks to tlie experunent d work of Ilclber and Linser Benjamin 
\ Heuss Sluka and Schw irz Jatirskx I anuibin Thomas and Bruner 
md others it is now known that large doscs of x-rus administered to 
minials cau<sc i decrc isc in the niiml>er of Iciikocv tcs in the circulating 
blood In fact if the exposure is of sufficient strength the blood mae 
eeen become entireh free of white calls before deatli I he Binplio- 
c\tes art the most susceptible the j>olnnorplionuclear tells less 
seiibitiic and the cr\ throcitcs least of all 

llie polMnorphonuclcar Icukocetes arc somewliat less sensitiie tlian 
the l\inphoc\tes After irradiition the former cells often cxlubit i 
pecuhanti of reaction practicalK ne'er seen with J'lnphoc'tes For 
a short tunc after ex^posure to xn\s or radium the number of pol'- 
inorphomiclear cells in tlic bloo<I mae increase rapulK but tins in 
crease seldom lasts more than twel'e or eighteen hours after this 
tlicir number steadih dmumshes and falls below the normal leiel 
where it nn\ remain from a few da\s to tlirce or more weeks accoiding 
to the dose of ra^s Gradual regeneration then takes place ^^heIl 
irradiation lias been repeited inanx times howeicr regeneration of 
tlie poh morphonuclear cells ma' be slow and ma% ne'er be complete 

Miture er\tliroc\tes are much less sensitue tlian Icukoeites in 
fact the\ are less sensitii t than mans other kinds of cells L\ cn unm i 
ture red corpuscles arc less susceptible than hmphocites or poh 
morphonuclear cells RepcatctI irradiation of long hones (bont 
m irroM ) md relatie cl\ large doses of ra\ s arc required before a definite 
reduction in the number of er\throcitcs can be obsened \Mien the 
er\throc\te-forming centers arc not expwsed to direct irradiation it is 
surprising how little these cells Ina^ be affected 


Routine ridiation therapj m dennitolog' seldom if e\er produces 
<1 ingerous or permanent tbanges in the blood or the hematopoietic 
organs IIowe\er generil bod\ imdixtion for generalized derm itoses 


ma\ ciusc an injurious diminution of '\hitt cells md t\on of inthro- 


c\tes (Pascher and Ixanee and others) Also an ihnorm il blood 


picture ma\ be caused bi prolonged irradiation oxer m\ part of the 
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hematopoietic system— long bones, spleen, tlijnnus, etc. During the 
past thirty yenrs a Jarge number of eases of leukemia, aplastic and 
other types of anemia, agi anulocj tosis and purpura, liave occurred 
III radiologic workers and in radium and .^-ray industries. 

There lias been an enormous amount of research on the chemical 
and biologic eheet ol irradiation on the various blood components. 
The literature is voluminous and the results interesting and instructive. 
All such details aie m the works enumerated at the beginning of this 
chapter. 

Salivary Glands.— According to Desjardins, next to the leukocytes, 
the salivary glands are most sensitive to .r-rays or radium, they are 
more sensitive than the genital glands Within six hours after a 
sufficient dose the irradiated glands swell and the secretion of saliva 
diminishes. Within the glands, the mucus-secreting epithelium under- 
goes mucoid degeneration, the cells swell, the sccietion thickens, and 
the excretory ducts become occluded. These changes continue for 
from twelve to forty-eight hours, after whicli tliej’^ gradually subside 
and disappear. The changes mentioned affect only the glands on 
the irradiated side of the face If both sides have been exposed to a 
large dose of lays, diyncss of the mouth may become evident and 
may continue for some time; this is especially true alter repeated 


irradiation. 

We know that the routine amount of .r-rays used foi acne vulgaris, 
namely, 75 r weekly for a maximum of sixteen weelcs, lias no objective 
or subjective effect on the salivary glands 

Testis.— In 1905 the medical profession was staitled by Brown an 
Osgood’s repoit of 18 radiologists wlio ivere subjects either o azo 
ospermia or ohgonecrospeimia. Antedating this publication ly one 
year, Philipp lecorded the sterilization of 2 men by r-rays whici la 
been applied to tlie peimeal region for the tieatinentof piuritus ani 


and orificial tuberculosis . i + nn 

The cells of the seininifeious tubules are very sensitive to 
and the earl^'’ cliemical and morphological clianges bax^e been o g 
interest to embryologists, physiological chemists, biologists, e c 

Depending on the size of the dose, .r-rays and radium ,,rith- 
partial oi complete sterility, temporary or peimanent, vi j ® 
out modification of sexual potency. Ellinger calls atten ion ® . ,. 
ble and n reversible reactions. The first is temporary /j] 
which u.sually lequires a dose of 200 or 300 r, but wnci ^ 
the administration of 60 r The irrex^ersible reac ion is p ‘ ^ 

sterility (total castration) which requires a dose of a eas 

Ovary — A-rays and radium in sufficient dosap may ca fj-gpiiy 
plete disappearance of the Graafian follicles, wiBi more or - j j ^j. 

of the eniire oigan As with the testes, the effect be partiai 

complete, temporary or permanent, depending noted by 

exposure The effect of irradiation on the ovary x\a , 
Halberstadter in 1905, later by Sarezki, Maurj'^ an 
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susceptibilitN of o\arnn tissue to the influenct of xra\s forms the 
basis for the ^ ell known roentgen treatment of menorrhagia and 
uterine fibroid, as originalK concened Alber»-Schonberg and con- 
firmed b\ others It is possible to effect an artificnl menopause b\ 
the application of i-raNs, ndmm or a combination of the two agents, 
w ithout injiirv to the skin or other abdominal tissues 1 he amount and 
quaht^ of irradiation ad\i:>able in the treatment of cutaneous diseases 
IS ne\ cr sufficient to bring ibout sterilitN nor to endanger tlie o\ aries 

Temporar\ stcnliration (rcacrsiblc rtiction) requires about 170 r 
at the o\ar\ According to Ellmgcr, based upon research b\ I^Iartins, 
Kronig rnedrich and Peck, 290 r at the o\ ir\ will ciuse permanent 
amenorrhea with sur\i\n! of endocrine function V single dose of 
about 320 r or C20 r fractionated, at the o\ ar\ , w ill dcstroa all o\ arian 
functions 

Lunfs —In comparison with the preceding structures the lungs are 
onh slightlv radioscnsituc (Desjardins and others) Ordlna^^ thera- 
peutic doses such as arc used in dennatologv ha^c no effect on them 
But when, ns in the treatment of a nuliginnt ksion of the breast or 
tborxN, hea\\ dosigc is cinplo\t<l the iindtrKing pleura and lung 
ma\ suffer tcmpo^a^^ or permanent injiir\ On the whole, the lungs 
are less sensitn c than the small inUstinc 

The tcndcnc\ to ascribe to a:-^a^s or radium am clinical disturbince 
arising after c\poburc to these agents is often unwarnnted Plcuritis 
or pneumonitis with subsequent piilnionar\ fibrosis ina^ result from 
strong irradiation, but it should be remembered that these comphea 
tions rna\ also result from causes which ha\e nothing to do with irra- 
diation l’ulmonar;y fibrosis was well known and fnirh common long 
before ;rra^s were disco\ercd When rcatti\e inflammation of the 
lungs IS due to the ^a^s the clinical manifestations ari'«e from fourteen 
to twent\-cight da\s after exposure of the corresponding fields, and 
the dose must ha^e been sufficient to cause at the same time i rather 
pronounced reaction of the o\ criming skin unless the treatment was 
gnen with highlv filtered ra\s generated at potentials between 200 
and 1000 k^ 

Digestive System— llie sensitiveness of the sahvarv glands his 
alread\ been mentioned \s for the stomach it is onlv moderatelv 


sensitive, ordinary therapeutic irradiation having little if anv percep- 
tible effect Experiments on animals have shown that large doses 


mav cause the secretion of acid and of pepsin to dimmish for a time 
and, after repeated exposure the amount secreted tends to be smaller 
and smaller, but after a variable penod of time the gastric secretion 
again increases thus showing that the gastric epithelium has not been 
injured bejond repair 

The small intestine is the most radiosensitive portion of the gastro- 
intestinal tract it is considerablv more sensitive than the large intes- 
ine or stomach Jloreover, the duodenum and jejunum art more 
sensitive to irradiation than the remainder of the small intestine 
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A large total dose of rays through a single field or through the con\'erg- 
ence of several beams directed to separate fields, provided these fields 
include a portion or all of the small intestine but especially the duo- 
denum or jejunum, may be followed by more or less severe enteritis. 
Experiments on animals have shown that excessive exposuie causes 
congestion, edema, degeneration and desquamation of the epithelium 
lining the affected portion of bowel and, if the injury is sufficiently 
se\-ere, the foregoing changes may be followed by atrophy of the secret- 
ing glands and sometimes by constriction of the gut by connecti\e 
tissue laid down to repair the injury The experiments of Krause and 
Ziegler, Regaud, Nogier and Lacassagne, Fromme, Hall and Whipple, 
Denis, Martin and Aldrich, Warren and '\Wnpple, Martin and Rogers, 
and others, amply substantiate these conclusions. 

In the ever^'day practice of radiotherapy, however, even vlth the 
doses of rays employed in treating uterine fibromyomas and malignant 
tumors of the abdominal viscera, serious injury to any part of tiie 
gastrointestinal tract seldom occurs. 

Pancreas. —The pancreas may he temporarily injured by an ei\- 
thema dose applied over the abdomen, but its power of regeneration 
compensates for this in a short time This is borne out by the experi- 
ments of Orndoff, Farrell, Ivy, Terbriiggen and Heinlein on dogs, in 
which the region of the pancreas was irradiated. They found that one- 
tenth of a human erythema dose increased the concentration of lipase 
and trypsin but did not affect the quantity of secretion After one- 
half an erythema dose, both the quantity of secretion and amount of 
ferments increased. One human erythema dose decreased the quantity 
of secretion and the total output of ferments Return to normal 


ensued 

Blood Vessels.— A great deal of research has been undertaken during 
the past few years to explain both the early and late ectasia of the 
capillaries of the skin following an erythema dose of x-rays. 
studied the capillaries with a diascope after irradiation and found the 
contractile elements of the capillary walls first affected Functionally 
the tonus of the capillary walls was reduced, with resulting dilatation 
Lazarew and A, Lazarewa, experimenting on rabbit ears, found a de n- 
ite increase in the irritability of the vasodilator apparatus m the irra 
diated ear, as compared with the nonirradiated ear Siedai^ro s } 
studied the capillaries of the skin after an erythema dose He use 
epinephrine to produce contraction and mustard oil and ca cm o 

produce dilatation. His results follow , 

1 On the second day following irradiation, there was an increa 
ability to constrict and also an ability to dilate, but to a lesser 

2. On the sixth day, the power to constrict remained very ig 

ability to dilate was not much above normal. , ^ 

3. On the eighth and ninth daj^s, intyeased r^demng P , 
with a still greater constriction , dilatation was abou cons 


tion to normal skin. 



4 Vfter a long period of tunc tlie skin capillaries appeared to ha\ e 
undergone permanent uijur\ of the constricting and dilating powers 
properties closeh related to Hoiiget cells which the writer concluded 
were robbed of their abilitN to alter tlieir tomis when subjected to 
external stimuli Ihis injur\ did not affect the ner\oiis apparatus, 
but onlj the Rouget cells 

Ihe late ectasia of tlie cutaneous blood \ts 5 els following an er\- 
thema dose or o^er, IS attributed bj Fabn to two factors (1) atropln 
of the upper la^eri> of the epidermis, with resulting exposure of the 
blood \cssels of the cutis, and (2) secondnrj proliferation of the ^ esscls 
themsehes Ihc microseopic alterations m and around the blood 
\e''sels, subsequent to irradiation, are discussed m the Chapter on 
Pathologic IIistologN of Radiotlennatitjs 
laver— Ihe Iner seems to be quite radiosensitive Case and 
irthui believe that the epithelium of the biharj tract is about 
as susceptible to a: rajs as the gastrointestinal mucosa, but the evi- 
dence indicates that, although the epithelium lining the bile ducts 
appears to be shglitlv more sensitive than the hepatic cells, the radio- 
scnsitncness of the liver as a whole is much less than that of intestine 
Bromeis in a studv of patients submitted to tlie action of x-ravs 
found urobilinogen in the urine in 74 per cent of cases after treatment 
and in 09 per cent of cases after radiograpln The part of the trunk 
irradiated maile no difference m the findings He attributed this to an 
injurv of the hver resulting from toxic products of cell destruction 
Dodds and Webster found a decreased blood urea after irradiation of 
the abdomen due perhaps, to a temporarv inliibition of the metabolic 
functions of the hver 

Bentel states tiiat the liver reacts to doses of 150 r Elhnger 
quoting Bentel, avers that 550 r produce reversible changes that mav 
pin a role in ruliation sickness Witli 2500 r, in rats, Pohle and 
Bunting produced severe histologic changes but recoverj took place 
m a month 

Kidney —The kidnev is onlv moderatelj sensitive to x-rajs or 
radium mucli le'ss than the spleen and Ivmphoid structures the leuko- 
cj tes in the circulating blood the testis or ov arv , or ev en the small in- 
testine and lungs Certain experiments on animals have shown that 
the kidnev s like everj other organ m the bodj, can be injured if 
exposed to excessive doses of ravs, but m the experiments mentioned 
the dosts used were much larger than those ordmarilv emplojed in 
treating human beings The experimenters were not seeking to deter- 
mine the limit of tolerance of the kidnejs but were deliberateK trjmg 
to induce chronic nephritis In view of the doses of ravs to which the 
kidnejs of their animals were subjected, it is not surprising that thev 
succeeded but to conclude that exposure of the kidnej to ordinarv 
therapeutic irradiation is a dangerous procedure is unwarranted 
Eye -Desjardins, Lemfelder and Kerr, Elhnger Jones and Alden 
and others have reported experimental and clinical results of irradia 
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tion on the eye. Exposure of the fetus (in utero) to a sufficient dose 
of a-rays may induce pathologic changes characterized by retaidation 
of growth of the eyeball and bj'- degeneration of the crystalline lens, 
leading to cataract. Similar changes may occur after birth if the rapidly 
developing eye of an animal or child is irradiated during early life. 

The mature eye of adults is much less sensitive to irradiation, less 
sensitive, in fact, than the eyelids. Thetefore, a single dose of .T-iays 
insufficient to cause an inflammatory reaction of the hds and conjunc- 
tiva is not likely to have an unfavorable influence on the other ocular 
structures. Long-continued ii radiation is inadvisable Theie have 
been, in clinical work, a number of cases of cataract allegedly caused 
by irradiation. 

Mammary Glands.— Long-continued ii radiation of the mammary 
glands is likely to reduce the activity of the secreting epithelium 
(Cluzet and Bassal). 

Conservatism is urged by Davis in the treatment of carcinoma of the 
breast and other superficial malignant lesions of the tlioiacic wall with 
.r-rays He produced acute and chronic changes in the lungs and pleura 
of normal dogs after intensive roentgen treatment Others have de- 
scribed similar, though less marked, effects in human beings after 
strong irradiation of the thorax. As a result of research b}' Turner 
and Gomen, Ellinger estimates that a dose of 1400 r is likeb' to injure 


the mammary gland 

Thyroid, — Irradiation of the thyroid gland ma}" inhibit secietory 
function, but little alteration may be observed microscopically. Ihis 
is especially true when the overactive function is due to or associated 
with cellular h^Tierplasia, probably because the increased rate of 
mitosis incidental to hyperplasia makes the cells lining the acini moie 
radiosensitive than when the cells are dividing at the normal rate In 
practical work it is often possible to overcome the symptoms of h3^per- 
thj'roidism, but the gland, if enlarged, rareb’’ undergoes reduction m 
size (Pfahler and Zulick, Dowd and others). In toxic hyperthjwoidism 
a moderate quantity of the rays may cause a decrease m the secre ion 
For simple adenoma roentgen therapj'^ is not indicated i orma 
thjToid tissue is radioresistant. It requires 600 r or more to pro uce 
morphologic changes. Excessive irradiation may cause myxedema 

^ Supfar^als.— Certain authors have reported cases of 
to the suprarenal glands bj'' excessive irradiation, bu cri ica ._ 

of such cases makes the assumption doubtful Judging } .rrodja- 
mental evidence, the suprarenal glands are rather resis ^ 

tion, and the weight of clinical evidence suppor s is ^ 
cases cited as examples of radiation injury'-, the . 

probably caused by cancer and not by sub- 
glands was noted with an erythema dose, m • .-p . ^ j gud 

stantial alteration in all parts of the suprarenals (Engelstad 


Momighano). 
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Pituitary —The pitint‘ir\ glind is ndioresistant, cspccnllj m 
adults E\penm<.ntalK, it is possible to obtain i suppression of 
growth an<l function, witli histologic cinnge, b% irradiating the 
pituitar\ gland, Imt approxiinatcU 2000 r arc required 

Nervous System —Irradiation of the pregnant uterus ma^ , if the 
dose of ri\s is sufficient, retard more or less the growih of the fetal 
skull and ^ccondanh tint of the bram itself, it ma% e\en cause death 
of the fetus and result in abortion or miscarriage Typosurc of the 
lie id of an infant to a sufiicicnt dose of n\ s aUo ma\ retard the grow th 
of the irradiated portion of the skull and, if the entire head Ins been 
exposed, nn\ lead to ':econda^^ Jicrxotis phenomena Hit degree of 
interftrtntc witli the growtli of the skull depends on the ngc of the 
child and on the dost of ra\s AVith small doses i deleterious effect 
is not hkcU to occur \fter f^^ e a ears of age, fln\ interference w itli the 
growth of the cranial bones or secondar} neraous phenomena is not 
so hkeh tooccur c\en after rather large doses of or radium 
In adults the brain the spinal cord, and the ner\ es m general are 
extremeli resistant to irradiation Patliologic alterations m these 
structures ln\t been ob«tr\cd initroscopicalli after exceptionally 
large doses but thc% were probibb sccondari to alterations m the 
blood lesscls winch arc more susceptihic to irradiation than nerie 
tissue itself 

Over a period of tliirtN or more years iinnN thousand cliildren, 
between the igcs of throe and eight ln\c at one sitting recci\cd to 
the head fi\c cpil iting (lo»cs of iinfiltcreil T-ra\s (1500 r, at tunes 
2000 r) for the treatment of tinea capitis lliert lias not been a 
single report of damage to the nerxous sistem or to the cranial bones 
b\ such treatment 
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CHAPTER XXI. 


ACTION OF A"-RAYS AND RADIUAI ON PATHOLOGIC 

TISSUE, 

For many years clinicians and scientists have endeavored to ascer- 
tain the leason for the biologic action of .T-rays and radium. Much 
definite knowledge has resulted from this enormous research and 
voluminous literature. However, the problem still waits solution. 
Borak, for instance, believes that the principal action is on the vascular 
system, while Desjardins and most investigators are convinced that 
the basic or primary efiect is on cells that are especially radiosensitive 
— leukocjdes, jmung cells, etc. 

In this chapter we present only a sketchy outline of the subject. 
For complete details and literature the reader is referred to articles 
and books by Desjardins, Ellinger, Pohle and Warren. We are in- 
debted to these works for much of the information contained in this 
chapter. These references are in the bibliography at the end of the 
chapter. 

The cytologic, biochemical and bacteriologic action of radiation 
has already been discussed. It now remains to apply this knowledge, 
speculatively, m an attempt to explain the action of x-rays and radium 
m disease The chief facts to be kept in mind are. 

1 Each variety of cell has a specific range of sensitiveness to a 
given dose of rays. 

2. Cells with a short life cycle or cells that divide at frequent inter- 
vals are much more sensitive than cells that have a long life cycle or 
that divide at long intervals or not at all. Thus leukocytes, especially 
lymphocytes, are the most radiosensitive and nerve cells the least 
sensitive of all cells _ . , , • 

3 Undifferentiated, immature, biologically or physiologically active 
cells are most readily influenced by irradiation, 

4 Cells are most sensitive when they approach or pass throng 
the active phase of mitosis. 


STIMULATION. 

At one time much was heard of the so-called stmulating action of 
radiation on cells and tissues, and the favorable effec o 
x-rays or radium in certain diseases was often attribute o ' 

The idea that x-rays or radium can stimulate cells arose ^ , 

the observation that in some conditions, such as eczem^ pxprt 

especially mycosis fungoides, a small dose was often su cien 
( 212 ) 



STIMULATION 
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a beneficnl effect, and partlN from the attempt to api)l\ to tlie^^e 
radiations the Arndt-Scliulr law, accoixlinji to wluch small doses 
stimulate while large do‘>es inhibit or destroy cellular acti\it\ \s 
for the first of thest reasons, t-xpeninents on animals, base long since 
made clear wli\ certain pathologic processes are so amenable to 
irradiation Now tint tlie exceptional sensituencss of Ieukoc\tcs is 
well known, it is not difficult to understand wIl^ the lesions of m\cosis 
fungoides are ‘^o profoimdh and so rapulK influenced b\ the t ^a^ s or 
radium All lesions clnracteri7cd b\ leukoc^tlC infiltration should 
be susceptible to irradiation m proportion to the degree of infiltration, 
especinllj 1 a l\mp}ioc\tcs This has been amph substantiated b\ 
clinical radiothcrap\ as applied to man\ forms of acute inflammation 
Ibis IS also true of chronic inflammations, hut on them the action of 
the ra\s is less rapid, probabh because !cnkoc\tic infiltration is usu- 
alK less pronounced and because more or less prominent fcitures of 
those lesions arc proliferation of connecti\c tissue caseous degenera- 
tion or calcification It i'* assumed that tlic destruction of lcukoc\tcs 
releases protccti\c suhstaiiccs which become axailablc for defensne 
purposes 

llie Arndt-Scluilz law was mten<le<I to appl\ to pharmacologic 
phenomena butithasnotbecngcncnllv accepted c^e^ b\ the pharma- 
cologists Tlic attempt to extend its application to radiologic ind 
biologic phenomena has not been successful and it is now m discredit 

Numerous experiments on animals, repeated o\er a long period of 
\cars, ha^o established the fact that direct stimulation m the sense of 
prolonged or continued acceleration of ctlluhr acti\it\ cannot be 
induced b\ exposure to x-ra%s or radium When the close of racs is 
sufficiently small, the cells arc not perceptihh influenced After a 
shghtU larger do'se a temporar\ increase m cellular dn ision ma\ be 
obserxed hvit if the period of obscrxatiou is long enough, the increase 
in cellular metabolism is inxarnbU followed b\ a return to normal 
activity or b\ a decrease in cellular metabolism After large closes an 
increase in cellular metabolism is seldom observed as a pnmarv effect 
the initial effect is almost alwavs to inhibit mitosis and to induce 
cellular degeneration, the degree of which depends on the varietv of 
cell, the close of ravs and the intensitv in unit of time with wlncJi the 
exposure may Inve been made After a period of cleprescecl cellular 
activ it\ a sharp increase m mitosis max be noted , this is a compensatory 
phase and is follow ed b\ return to normal 

The majontv of cutaneous diseases represent some form of acute or 
chronic inflammation and are charictenzed bv van mg degrees of 
leukoev tic infiltration cellular hvperplasia Inperemia and prolifera- 
tion of connective tissue, with or without associated products of cellu- 
lar degeneration If stimulation in the usual sense were caused or 
favored bv a:-rays or radium, some of tlie foregoing features should 
increase after therapeutic irradiation This can occur onlv after 
excessive exposure 
14 
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ACTION OF X-FAYS AND RADIUM 


The so-called stimulating effect of x-rays and radium has also been 
held to account for the increased rate of growth of epitheliomas or 
sarcomas Avliich sometimes is observed after irradiation There is 
little basis for such a notion. Even when a malignant tumor has 
never been exposed to .r-ra^s or radium, its growth seldom proceeds 
at a stead\ rate. Changes in the vascular supply resulting from 
thrombosis or hemorrhage may he followed by a temporary check in 
the rate of growth, but later the cells in the same or in some other 
part of the tumor recover their rate of growth and, for a time, may 
actually giow at an increased rate This phenomenon is well known 
to physicians who have had an e.xtended experience of malignant 
neoplasms Similar checking in the rate of cellular division and sub- 
sequent compensatory increase in the rate of growth may be observed 
after exposure to .r-ra\s or radium, but this is onl.y a temporary phase 
and should not be interpreted as a specific effect of irradiation 
Adequate treatment of a neoplasm should be accompanied and 
folloued b\ progressii'e destruction of its cellular elements and complete 
and permanent regression of the gron th. mien, because of msufScient 
dosage, improper arrangement of the scheme of treatment, or excep- 
tional resistance of the tumor cells to irradiation, complete and per- 
manent regression does not result, all that may be expected is a gradual 
renewal of malignant growth at the same general rate as before treat- 
ment, d'he fact that sometimes an epithelioma or sarcoma may 
continue to develop rapidly in spite of x-rays or radium merely means 
that the dose has been insufficient to arrest the growth of the malignant 
cells, that the time distribution of the dose has been improper, or that 


the tumor cells are resistant to irradiation. 

In this connection it has been claimed that irradiation of lupus 
er\ thematosus and lupus vulgaris favors the evolution of epithelioma 
This ma\ indeed be true if the dose has been excessive But there is 
no evidence that epithelioma in lupus tissue is more prevalent today 
than before the advent of x-rays and radium, except, of course, in 
cases in v hich the lupus is complicated by chronic radiodermatitis 

Hyperti ichosis following .x-ray treatment of acne vulgaris has been 
described, the growth of hair being due, it was thought, to the 
lating effect of the rays on the hair follicles. ^^Tnle this is possib e, i 
must be admitted that hypertrichosis does not follow x-raj treatmen 
of other diseases that require the same technic. Furthermore, super u 
ous hair is seen subsequent to acne AOiIgaris in instances hen x-rajs 
ha^'e not been employed. There is as yet no corrobora e cm enc 
showing that .r-rays are capable of increasing the ° ^ 

It has been stated that x-rays are beneficial in alopecia ( ® ^ ’ 

Kienbock) Within the past year we have had several cases of alopeci 
areata in which hair grew' in the patches which had recei\ e P 
ing dose of -300 r unfiltered. The hair began to grow m a 
,veeks and was luxuriant Hair did not grow m the untreated bald 
areas of the same patient. Alopecia areata is capriciou 
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<5ecn hiir grow m one pitch ind not in others subsequent to i inous 
theripeutic methods ind ilso spontineouslN The phenomenon is 
being imestigited ind res.uUs tiiII he reported liter At present we 
can not si\ tint a-rijs irc tipible of miking hiir grow ind liter, 
if it cm he pTo\cd tint the\ <nu under certain conditions ciine i 
growth of hiir, wc ire confident that in evplmition other thin 
stimulation m the accepted sense, will be disco\ercd 


ANEMIA AND CONGESTION 

Tissue tint is iscliemic tolerates ndntion consideribK more thin 
tissue possessed of normal circulation Schwarz dehematized the skin 
b\ meins of in elastic bind and found that in area under the band 
tolerated i larger dose tlnn the skm not co\ ered b\ the bind Sclimidt 
b\ emplo' mg compression, w is able to idmmister tw o er\ tlicrai doses 
without reaction After trMng inconclusive experiments with epi- 
nephnn, MicKce cotnplotelv dchemitizcd in entire foreirro with in 
Esmarch bindige \Mnlc tJic forearm was bloodless, a small area of 
skin was exposed to in en thema dose of x ri\ s The circulation w is 
then restored and an adjacent irei was exposed to the same quintitv 
The patient was seen two weeks after tlie experiment, it winch time 
there wis an ervthemitous reaction in both areas the reaction m the 
dehematized area being distinctlv less intense thin that of the normal 
area Three weeks later, the cnthemi m tlic dehematized area had 
disappeared while that of the normal area was still present 

It IS a common occurrence, when administering large do'^es to small 
congested lesions for the surrounding normal skm to react less vigor- 
ouslv than the congested lesions lliis ma\ be due in part to the 
fact that the periphery receives a little less radiation than does the 
center of the treated area Again, even m congested lesions, if there 
happens to be considerable acanthosis and parakeratosis the normal 
skm maj react more v igorouslv than does the lesion How ev er, clini- 
cal and (.xpenmental evidence justifies the statement that congestion 
or hvperemia tends to increase radiosensitivencss wliile ischemia 
increases, the tolerance of the tissues to soine extent The difference 
IS supposed to be due to the secondarv rav s from the iron contained in 
the erv throev tes 

Of interest m tlnv connection arc the findings of Giraud and Parcs, 
Thej found that the decrease in the number of leukoev tes and the 
other features of the hcmochstic crisis winch occurs after intensive 
irradiation are due to the reaction of the tissues directlv irradiated 
The hemoelastic crisis did not occur when the part irradiated was shut 
off from the general circulation It developed, however when the 
obstruction to the circulation was removed even after the a:-ravs had 
been shut off The explanation is that the substances producing the 
shock, manifested hj the hemoelastic crisis are ev identlj generated 



action of x-rays and radium 

in the irradiated area. There is thus a kind of indirect autoprotein 
therapy which may supplement the beneficial influence of the rays 


ACCUMULATION. 

The effect of repeated irradiation is cumulative and accumulation 
results m inhibition. ^ The degree of accumulation depends on the size 
of the dose and the interval between treatments. As was shown in 
other chapters, ICingery and others liave placed this question on 
scientific grounds. 

BACTERIA. 


In Chapter XIX it was shown that gamma rays and .r-rays in thera- 
peutic doses do not exert anj' appreciable influence on the grovth of 
bacteria in culture. The occasional quick response to roentgemzation 
of bacterial diseases, such as sycosis vulgaris, acne vulgaris and acne 
varioliformis, has suggested the possibilit}' of a direct or indirect 
effect on the causative microorganisms PositiAm cultures in bacterial 
and fungus diseases have been obtained repeatedly for days and 
even weeks subsequent to irradiation. 

A better explanation for the efficacy of .^-ray& or radium m many 
bacterial inflammations, in favor of vhich impressive experimental 
and clinical evidence can be presented, relates to the radiosensitiveness 
of leukocytes It is well loiown that leukocytic infiltration (lympho- 
cytes and polymorphonuclear leukocytes) is an early and important 
step in the cellular defense against infection of any kind. In view 
of the sensitiveness of the varieties of leukocytes mentioned, and in 
view of the repeated observation that the greater the proportion of 
infiltrating leukocytes the more rapid and the more pronounced is the 
response of inflammatory lesions to irradiation, it seems more than 
likely that the main feature of the action of the rays is to destroy a 
proportion of the infiltrating cells. The immediate consequence is 
that the antibodies, ferments and other protective substances elabor- 
ated within these cells are liberated and made more readily available 
for defensive purposes. Another effect established by numerous 
experiments is a secondary* increase in phagoc3i:osis. It is w'ell kn^m 
also that in acute lesions a single, small dose is usually' sufficient, wmi e 
in chronic lesions, especiallj’^ those of a tuberculous character, larger 
doses must be repeated at intervals for some time. This difference 
maj'^ be due to the known difference in the degree of leukoc} tic in ra 
tion on the one hand and, on the other, to the presence m c 
lesions of var3dng degrees of proliferating connective tissue tv ic , 
being much less radiosensitive than leukoc3ffes, tends to re ar 


favorable influence of the rays. 

There is no evidence to support the idea that 
treatment can directly steriliae bacterial disease But the fovo 
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indicates tint irradiation cm and frequenth does In%e a fasonble 
influence on proces‘'t.s ciustcl bj batternl in\ 1*5100 Alnm of tht 
bicternl diseases tint are amenable to irridntion irc follicuhr in 
npe,and another possible fictor m tin cflicacv of irridntion lies in 
the fact that the hur folhUts arc r who^uisitiN c Acne \ inohfonms 
(probablj staphylococcic) and acne Milgaris (snppostdh due to the 
acne bacillus and the staphclocotcus) respond facorabb Cutaneous 
tuberculosis yields slonl\ Die cutaneous lesions of s^phlllS ind 
lepross ina\ unproec under rocntgcmzatiou but not to a useful decree 
llie coiiiinon nart, caused h\ i \irus often undergoes nuohition is a 
result of a single er\thcma dose Coneer'cly, the Hit juvenile v\ irt 
and other forms ofverruct also ciustd b\ i Mrus, are rccaleitnnt 
Lc/emi caused bv fungi is often more stubborn than other forms of 
eczema It is well known that an incomplete dcpilation often snflitcs 
to cure tinea tonsurans This might be accepted is nuhe iting a 
parisiticidal action, but a more reasonable interpretation is tint the 
affected hairs depilate more readih than do the licaltln hairs 

In concluding tins phase of the subject, it is su/hcicnt to sav that 
there is no experimental proof and \cr\ little clinical cMclcnee to 
support the sterilization thcorv as applied to imcroorgonisms It is 
possible that in some mstaiiees irridntion might increase resistance 
against the invading organism through some biochemical alteiation 
Ihe most plausible livpothcsis, based on substantial evidence is that 
the ravs act dircctlv on the infiltrating Icukocv tes and on the seii'-itive 
cells of cutaneous appendages and that the effect on the bacteria is 
indirect 

INHIBITION 

In the light of present knowledge the effects of radiation can be 
best explained, perhaps, by an inhibitory action on karvokmtsis, on 
young cells undifferentiated cells and cells that are phvsiologicallv 
V ery activ e b\ destruction of Icukocy tes and the eflect on the v ascular 
svstem Jlost of the cutaneous diseists that arc amenable to ir- 
radiation regardless of the cause ire as* 50 ciited with hyperemia and 
multiplication of tissue elements or o\ eraetiv itv of secreting epithelium 
resulting from cellular liXTH-rplasia 

NEVl AND CONGENITAL ANOMALIES 

In the hy perkeratotic group, that is in ca<!ts of ichthy osis \ errucous 
nexus and keratoderma palmaris et plantaris a congenital anomalx 
interferes witli the process of nonnal keratimzation The result is a 
thickened liornx h\er which exfoliates after irradiation It is pos 
sible that the temporarx relief is due to mitotic retardation m tlie 
basal cell layer although there max be also a direct influence on 
the process of keratimzation As soon as inhibition ceases abnormal 
keratimzation continues 
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Vascular Nevi — The elevated types of nevus vasculosus yield to 
radium in a striking manner E\en the cavernous nevus disappears 
undei safe therapeutic dosage. It seems paradoxical, but the super- 
ficial port-wine mark is exceedingly stubborn. The types that re- 
spond well begin after birth and continue to increase in size for weeks 
and months. 'I’heie is a numerical increase in the blood vessels 
which are dilated, abnormally cellular, and continue to develop 
by budding processes; m other words, a new growth in which the cells 
are more or less embryonic in type. When exposed to .t-rays or 
radium it is probable that mitosis is arrested, new vessels cease to 
form and finally the poorly diflerentiated cells composing the vessels 
fail to be replaced and are absorbed. The troublesome port-wine 
mark is fully developed at birth; the cells are mature, well differentiated 
and not very active. It is probably for these reasons that lesions 
of this type are not amenable to irradiation. The effect can, perhaps, 
be likened to telangiectasia. To cause an obliterating endarteritis in 
telangiectasia, spider nevus and port-wine mark, requires an amount 
of treatment that will seriously injure normal tissue. The explana- 
tion of the effect or lack of effect of irradiation on lymphangioma is 
presumably the same as on angioma. 


DISEASES DUE TO LOCAL CAUSES. 

Of the many dermatoses falling under this heading, with the excep- 
tion of eczema of external origin and the bacterial diseases, only two 
characterized by pathologic hj'pertrophj’ aic treated with ,t-rays and 
radium. These are corns and calluses (cornu, callositas) These 
lesions are characterized by acanthosis and particularly hyperkeratosis, 
a protective reaction to traumatism The increased activity presum- 
ably is in the lower part of the rete and in the basal-cell layer. Irradia- 
tion prevents further multiplication of cells and the horny layer exfoli- 
ates If, in the meantime, the local cause has been lemoved, theie 
ma}^ be no further development _ . , 

It is difficult to comprehend the reason for the difference m t e 
behavioi of the various t^'^pes of verrucm, all of which are oi virus 
origin, when irradiated The common plantar wart is iair y 
ceptible So, also, is verruca vulgaris Verruca plana, veiruca i 
formis, verruca acuminata and the mosaic type of plantar var are 
less susceptible Senile and seborrheic keratoses, which are oi un ^ 
etiology, appear to be less susceptible than verruca vulgaris 
difieience may be a question of virulence and adaptability, or ^ 

I ate of cellular h^qierplasia In cases of multiple common v >» 
iriadiation of one wait or even of a lesion of another disease ® , 
folloved hv a disappearance of all the ivarts (Delbanco, a » 

and Tins has been thought to indicate the 

antibodies or autogenous vaccines, but the same phenome 
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ub'-trviHl in coiiiH'ttum I'ltli utliir forint of trintnitnt iinil it liill't 
not lit fiir(,utttii tint w irt^ iiii\ ilt-ipiii ir spoiitiimoii'.U or in ii lo- 
suit of bucutslton 

ECZEMA AND OTHER INFLAMMATIONS 

llic tlftct of rulutioii ou ttAina iiinN la coinpliA but luhilulioii 
of ctllulir li\ iKrplasiu juul tliL tllitt of tbi ia\s on infiltiatnig hulvo 
t\t(a tnd tin. \asculir s\sttm max In siifiKiint to tvplam tin fa\»ji 
ibh tlTict of irrulntion In tlit tarU sta},i of acnti tUrmalUis ^\bln 
tliL objtctno bMuptoiuit ^.ons^^t of irxtlKina ami tdiina irraibattoti 
appt irs to liwc \tn little tlTitt 1 \«n in vesicular diniiatitis if 
the xcaicuhtum occurj. before lixpcrplasia of tin ipidirmi'i tuutnnrit 
does not ibort the eruption although further dixilopuunt nui\ In 
prevented \fter the leukotv tit infiltration and C'jnimllv aiantho 
sib has been ebtuhhbhul irridiation ih vtrv i Ift i tivt , prisunuiblv bv 
deatroMiit infiUntiUK loukoevtes mnl eurlmij’ nuto'*i'i of bspiiphi'^tu 
cells 

In the sqiiuiious form of ee/eiim tin jiroeess is jiartlv ns oiillimd in 
tin foregoiii}, description, but hv pe rkt ratosis mid jmtakiratosis an 
mure dciimto and the infiltration eoiitaiiis distnn tK inori list d (on 
ncctive tisbuc cells It be nrmitd that !>otli tin ijiidinniil 

hvperphsn nnd the infiltration arc prottctivi and that iiiliihition of 
mitobUi bliouUl be iiiiurious instead of bene fn ml In nmus inlluinnm 
tiunsy cczcnm included, the epaUrina) response is ( xa^’t%( I'nti d and, 
while 'll first it inav he protective, the later (»\(r^rowth is dm to an 
excess of nutrition It is the overgrowth that radinin and rrnva 
tend to prevent As for the mfiUrntion, irradiation r< strn ts tin foriua 
tion of new eells in silu, but there is little if aii\ (ffirt on nngratorv 
cells from the blood stream I he local lesums of i ( n lua art w If luu 
itrd thev represent u re'ittion to an irritant and, win ii tin irritant is 
removed the lesions disappear spontaneously Irradiation, vvliih pro 
inotmg the resolution of individuil hsioiiH, dots not smu to infliKiur 
tlie eiusal factor or the disease Uiifortunat* ly , this is trm of many 
of the derm vtosts 

Accepting eczema as a pitUrn for tin mnummiitions, tin saim 
explanations hold for discase-s such as psori tsis and In Inn jilamis 
As pointed out by flighniaii md Uuliseni, tin p on itn sndi is (om 
posed of hyperkeratotie md p ir ikeratotie tissin 'iinn an riimnroiis 
mito-3«s I In mfiltritnm e-onsists inainlv of small round nDs of tin 
fy mpliatic tv pc, w itli a v in ible niimln r of hhrohl tsts j In i t of 
j-rav treatment is to inhibit epidfniul hyperplasit and promoK 
ressorption of the mflumnatorv (himsit 'Jin ratmnih of this is a 
direct attack on the multiplying alls of the rete aiiel small r<iimd re Us 
m the mfiltralmn which prohtbly by ui ilogy with lympliof'v tes an 
vulnerable to the rays 
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, Tile epidermal changes m lichen planus are Jess pronounced than in 
hchenmcation, but the infiltrations in the two conditions are equalh' 
voluininous. ihe infiltrating cells in lichen planus resemble lympho- 
cytes, mixed with melanobJasts. The latter cells remain long after 
the papules have resolved, and they are not affected by further roent- 
genization 


Eczema and psoriasis occasionally become dermatitis exfoliativa, a 
condition likely to offer considerably more resistance than do its 
predecessors, even m instances in which the morphology is much the 
same. It not infrequently happens that the first few attacks of 
psoriasis disappear promptly under the influence of a--rays while 
later attacks may be irresponsive. The same phenomenon is observed 
m cases of mycosis fungoides, leukemia cutis, Hodgkin’s disease, 
epithelioma, sarcoma and rarely in other diseases. In the case of 
virus diseases increased virulence of virus or increased susceptibility 
to viius may be factors. Doubtful possibility of acquiied resistance 
to iriadiation should also be considered 

In the er.>thema and urticaiia groups, the .a-ra^'s are not employed 
However, prurigo, which is thought by some authorities to he a papular 
urticaria, at tunes responds well to fiactional treatment, hut recurrence 
IS the rule The lesions consist of round-cell infiltration, below an 
epidermis which is slightly vesicular. 

When treating generalized dermatoses, especiall}^ diseases that are 
very ^adiosenslti^•e, such as mycosis fungoides, particularly if larp 
surfaces aie exqiosed to fairly large amounts of radiation, a febrile 
reaction may develop together with a more or less generalized toxic 
rash, and the oiiginal eruption may become moie manifest. 


DISEASES DUE TO BACTERIA. 

Sycosis vulgaiis was mentioned under Bacteria at the beginning of 
this chapter. In manj cases of pyogenic sj'cosis the disease cannot 
be eradicated until permanent alopecia has been produced It is easy 
to understand the mechanism of cure in such instances Sometimes, 
a cure is obtained without even a temporary loss of hair; this probably 
results from tlie action of the rays on the leukocytic infiltration 

Acne Vulgaris —The pathologic changes in cases of acne vulgaris 
consist of a preliminary inflammation of the distal thi^ of the air 
follicle and of the sebaceous duct and gland This mflamma ion i^ 
supposedly due to the acne bacillus and results in hyperplasia an 
exfoliation of the follicular epithelium together with overactivi 5 0 
the sebaceous glands Exfoliation is largely responsible lor t ’ 

the pustule is thought to be due to the staphylococcus. In ” * . 

cellular division and sebaceous secretion, the action on 
leukocytes, and the indirect action on bacteria are the pro )a 
tions of irradiation in this disease. 
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Tuberculosis and Other Granulomas —Cutaneous tuberculosis belongs 
patbologic.ill> to the granulomas and, as the discussion concerns the 
granulomas rather than tuberculosis, it will include bacterial diseases 
such as lepros\, s^phlhs, rhinoscleromn, and fungus diseases such as 
blastom^cosls and actmomj costs and, as representati\ es of the non- 
bacterial granulomas, m^ cosis fungoidcs, leukemia cutis and granuloma 
annulare M\cobis fungoidcs and the entire Kraphoid group of dis 
eases— leukemia cutis, Ij inphogramilomatosis cutis, rcticiilocndothcho- 
sis Hodgkins disea<5e, etc, respond faaorabh as a rule, altliough 
onI\ tcmporanli, to irradiation 'Ihc probable reason for this liigh 
degree of radioscnsitu cness is the fact tint the entire reticuloendo- 
thelial SI stem lb profoimdlj afTcctcd b\ both ar-rajs anil ndiiim Tlie 
lesions of granuloma annulare usually undergo complete ln^olutlon 
as a result of a single cr\thcmadose riienon-bactcrial granulomas 
are the most susceptible members of this group Ihc fungus diseases 
can be accorded second place as both actinomj cosis and bl^stoln^ cosis 
Meld, as a rule to comparati\ch small doses 
The lesions of sjphilis and lcpros> ma> Mcld to a certain extent 
The more benign tj pes of cutaneous tuberculosis, sarcoid and erj thema 
mduratum, also arc susceptible The macti\c atrophic t\pe of lupus 
vulgaris with deeplv imbedded apple-jelly nodules is particular!) 
unjieldmg The comparatuel) active h)pertrop!iic lupus ulcerated 
lupus and tuberculosis verrucosa cutis arc more susceptible and the 
ver> active miliarj lupus and tuberculosis orificialis are hkel) to be 
ev en more susceptible With the exception of s) phih«5, it n ill be noted 
that susceptibiht) bears some relation to duration and activitv Ihe 
rapidl) developing granulomas, actinomj cosis, blastomycosis, granu- 
loma annulare and miliary lupus, involute more rapidly under irradia- 
tion than do those of slow evolution, that is, lupus vulgaris and rhino- 
scleroma It IS significant that the most inactive granuloma, birring 
leprosv , IS the most resistant namely, atrophic lupus v ulgans Such 
observations support the view that the principal effect of the ravs on 
the V anous lesions mentioned is closely related to the degree of leuko- 
cytic infiltration the rate of cellular hyperplasia, the known sen‘?itne- 
ness of 1\ mphocy tes and the degree of proliferation of connectn e tissue 

DISEASES OF THE APPENDAGES 

All of the appendages, w ith the exception of the nails, and especially 
the hair follicles are quite radiosensitive Ihe comparative immunitv 
of the nails may be due in part to filtration The relativ e susceptibility 
of the hair follicles is perhaps caused b\ the rapid division of cells and 
the large number of young cells always present at or near the bulb 
The action on the coil and sebaceous glands is presumably a retarda- 
tion of phvsiologie activity Permanent results m hyperhidrosis and 
seborrhea are due to atrophy of the coil and sebaceous glands This 
may be due to a direct effect on the epithelium or to a lessened blood 
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supply caused by sclerosis and contraction of tlie connecti\ e-tissue 
stroma. Many fungus and bacterial diseases of the hair follicles 
cannot be cured by roentgenization nnthout a defluMum. This is 
always so in tinea tonsurans and fa\-us and very frequently in sycosis 
' ulgaris, folliculitis decab'ans, etc. In sucli instances irradiation acts 
as a depilatory, the microorganisms being removed with the hair. 


PRURITUS. 

It lias been stated repeatedly in the literature tliat .r-rays relieve 
pain. This is true when painful lesions resolve as a result of irradia- 
tion. Occasionally, applications of .v-rays or radium appear to relieve 
pain due to inflammation of a nerve— neuritis Occasionall.v, also, 

intensive treatment may be followed by pain that may last se\eral 
weeks, the pain occurs in conjunction with ulcerative dermatitis result- 
ing from excessive doses of insufficiently filtered .a-raj s or radium, and 
IS due to secondary' infection, or vascular changes, or botli Such 
observations have led certain ‘UTiters to attribute the analgesic effect of 
ii radiation to a direct action of the raj's on the nerves. In view of the 
gieat resistance of ner\ e cells to irradiation, this assumption seemingly 
has little foundation. It is more probable that relief from pain re- 
sults from a release of the affected nerve from pressure or irritation 
caused by adjacent inflammatory or malignant deposits The rajs 
act directly on the lesion and relief from pain is an indirect effect 
That .i-rays and radium frequently allay severe itcliing is an accepted 
fact When the pruritus is due to a cutaneous eruption, its disappear- 
ance usuallj’’ coincides with the involution of the eruption It is 
difficult to explain why irradiation should overcome tlie symptoms of 
a disease such as pruritus ani. The effect is certainly not alwajs 
psj'chologic. If it can be assumed tliat itching, in cases of pruritus 
without visible cutaneous changes and whicli are amenable to roent- 
genization, IS due to alterations m the collagen or m tlie sensorj 
terminals or fibrils (inflammation), it is conceivable that radiation niaj 
act by inhibiting proliferation of cells and chemical action. 


NEW GROWTHS. 

The sensitiveness of tumor cells to .r-rays and radium 
closely to that of the normal parent cells from which tlie a 

are derived Thus, tumors of Ij'mphoid structures, made «P 
of lymphocj'tes, are most sensith’-e, and growths ma e up o 
cells are least sensitive to iiradiation Tumors com]mse , jj 
varieties of cells fall between these two extremes. le , 

epithelioma is much moie susceptible than the j tumors 

iLa, but the former .s much less vulnerable thsu 
grouped under the designation of ‘Tymphoblastom • j^enign 

fibroma, myoma, and neuroma hardly respond at al 
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epitheli'il ne« grott ths— s\ ringoma, tnchoepitliehoma, multiple benign 
c\stic epitheliomi, etc —are \er\ stubborn The same difTerences are 
noted in the sarcoma group Benign endotheliomas are radioinscnsi 
ti\e LMiiphosarcomas respond well to irradiation, ns does Kaposi 
sarcoma Spmdle-ccll ind round-cell s ircoinas are mucli less radio- 
sensiti\e Ihe difTerence in susceptibility seems to be largely ont of 
c\tologj and morphology The benign epitheliomas are quiescent 
lesions probably ncyoid m character Ihe cells are mature difler- 
entiatcd and are not undergoing rapid diy ision 1 he basal cell epitheli- 
omi IS composed of cells tint arc constantly , although not rapidly, 
multiplying Ihe cells arc derned from the stratum gcrinmatn uni 
and show no tendency to produce kcratohy aline In other words, 
they are immature and unspeciali 2 ed, the type of cell that one might 
expect to see influenced by irradiation Cutaneous prickle cell or 
squamous-ccll cancer is composed of cells that are undergoing rapid 
duisiou but the cells, for the most part, arc less embryonic in type 
than tliosc of basal cell epitheliomas, and presumably for this reason 
more resistant 

As IS yyell known, Broders dnides squamous-cell epithelioma into 
four grades based upon cell differentiation Grade one contains from 
75 to 100 per cent differentiated cells It is the least malignant and 
the least radiosensitiye of tlic four grades Grade four, the most 
malignant and the most radiosensitiye, contains from 75 to 100 per 
cent undifferentiated cells Between the ycry susceptible basal cel] 
epithelioma and the less susceptible squamous cell neoplasm, is the 
baso-squamous-cell epithelioma yyhich is derived from both the basal- 
cell layer and the pnckle-ccll layers of the epidermis There is con- 
siderably more leukocytic infiltration, as a rule, associated yyith basal 
cell growths than with pnckle-cell tumors In addition to the action 
of radiation on the epithelial cells, some investigators believe tint the 
destruction of leukocytes with liberation of protective substances 
may be one reason for the greater susceptibility to irradiation of the 
oasal cell tumors 

Connective tissue growths and hyperplasias arc radioresistant unless 
composed of young rapidly evolving cells as m the case of voung 
keloids Old, hard keloids and hypertrophic scars are more radio- 
resistant 

The Mabgnant Cell and the Lethal Dose —There has been and there 
still IS considerable difference of opinion as to which method has the 
most effect on the malignant cell with minimal myurv to the skin and 
other normal structures— a single lethal dose or fractionated irradia- 
tion Another controv ersv is related to wav e lengths It now appears 
to be the consensus that the wave length is of importance only in 
regard to hav mg a maximum amount of radiation reach the malignant 
cell It has been shown by "VNood and Prime, and many others, that a 
cell at the surface can be destroyed with x-rays of almost any wave 
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length. In order to reach the malignant cells in clinical nwk filtration 
and moderately high voltage are necessary. 

For many years the single dose technic was employed by most 
radiologists. ood and Prime determined, experimentally, the lethal 
dose as follows: 

Approximately 4 eiythema doses of .a-iays, given continuously, are 
required to kill mouse carcinoma and 5 such doses to kill mouse 
saicoma when exposed t7t viiio, but occasionally some cells may escape 
the effects of e\'en 6 doses 

“Approximately 6 erythema doses of ,i-rays are i-equired to kill 
sarcoma cells in vivo as compared with 5 doses required to kill the same 
cells 171 vitro, and approximately 6 erythema doses lire requmed to 
kill carcinoma cells in vivo as compared with 4 doses lequired to kill 
the same cells m vitro ” 

In practical woik it is well known that from 6 to 12 oi even more 
erythema doses, given at one time, are necessary to destroy carcinoma 
at or near the surface, depending upon the size of the lesion and the 
type of cell. 

As discussed elsewhere, the fractionated technic is now employed 
by most radiologists This consists of administering daily erythema 
or suberythema doses for fiom five to twenty da 3 ’s, the total ranging 
from one thousand to several thousand i oentgens With such method 
it is claimed, and it appears to be the consensus, that it is possible 
to administer a lethal dose with much less injur}^ to normal structures 
than with a laige single dose; also that the cells are kept “saturated 
for a long peiiod, which prevents mitosis As stated m greater detail 
elsewhere, the method embraces the time-intensity factor, “lecover}', 
“saturation,” etc., in addition to quantity and qualit 3 ^ 


ACQUIRED RESISTANCE 

Lesions of mycosis fungoides which at first are exceedmgl}'^ su^eptible 
to irradiation finallj’^ cease to respond even to large doses. To some 
extent this is true of the entire group of leukemic diseases It is pos 
sible that this is due to the gradual evolution of the disease, o e 
sapping of general lesistance, and to the progressive exiausio 
of the blood-forming structures, lather than any increase m 
cellular resistance to irradiation. The same phenomenon las 
observed in epithelioma. Occasionalljq too, psoriasis an o i 
eases behave in the same manner. 
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CHAPTER XXIL 


CLIXICAL EFFECT OF ROENTGEN RAYS AND RADIUM 

RAYS ON THE SKIN 

RADIODEEMATITIS, » 

'The term radiodermatitis is an old one dating back perhaps to 
about 1900. It was coined to indieate a cutaneous inflammation 
caused by .T-ra 3 ^s which, at that time, was the only type of z-ray 
reaction known. Since the advent of Altered radiation, especially 
heavily Altered, exceedingly high voltage radiation, z-ray reactions 
and injuries have been observed in which the skin is not involved or 
jn which the cutaneous inflammation is of minor importance In this 
category may he mentioned injuries to viscera and other deep tissues 
in which the skin is unaffected because of multiple portals (cross 
Are); or when the injury to the subcutaneous tissue equals or exceeds 
that of the skin, as when radium or radon is applied to deep structures 
b.y means of needles or implants. In addition, there arc the sequel® 
of irradiation such as atrophy’’, pigmentation, depigmentation, telangi- 
ectasia, keratoses and cancer; and Anally, the so-called radiation 
sickness. Obviously, the term radiodermatitis cannot include all these 
reactions and injuries, although for many years it was used to desig- 
nate most of them. It is now customary to restrict the term radio- 
dermatiti,s to cutaneous reactions and injuries. These reactions and 
injurie.s may occur in the skin or oriffeial mucous membranes. They 
maj'- be mild and last only a few weeks, or the}'' may be severe and 
endure for months or years, or they may be permanent. They may 
consist of some of the sequel® mentioned above. All other untoward 
effects resulting from the application of x-rays to human tissue are 
usually called .z-ray reactions and injuries. On the whole, it is perhaps 
preferable to speak of reactions and injuries rather than of radio er- 
matitis Some writers include under the term radiodermatitis cu a 
neous reactions caused by radium, while others use the term ra mm 
dermatitis. Vernacular terms used as synonyms for radioderma i ^ 
are: z-ray dermatitis, z-ray reaction, roentgen-ray dermatitis, 
gen dermatitis, roentgen-ray reaction, roentgen reaction, roen gen r 
‘"burn,” and x-ray “burn ” 

Latent Period.— After a single erythema dose of j 

flrst clinical manifestation of a reaction is seen usually a ou , 

the Arst week. In some instances the reaction is observe i 
Ar.st twenty-four hours, then it subsides and reappears a o 

> Robbins ei al reported w Radiology 40, 1, (Jan ) 
of Bkin and eyes caused by scattered cathode rays 

( 226 ) 
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da\ Ihus there is an inter\nl of se\eril dijs of clinical imctiMtj 
This period of l'itenc\ is \ inahlc in regard to duration as ill be shoT\'n 
later in this chapter -M^o, it is a period of considerable histologic 
actiMtj (see Chapter Will) 

PSEUDO X-RAY REACTION 
"Flectnc ’ Erythema 

Occasionalli one encounters an enthematous reaction an hour or 
two after irradiation cspecialK when the irradiated area is surrounded 
b\ lead foil The Inpercmia endures a da> or two and disappears 
without lea\ mg pigmentation or other ar-ra\ sequela? It mai be 
accompanied h\ such sub)ccti\e symptoms as burning, stinging and 
Itching \lso there inai l)c associated edema and if the treat- 
ment happens to include tlie parotid glands there ma\ be i swelling 
of the«e glands Ihcse earl\ teinporarx, and harmless reactions not 
infrequentlx occasion considerable alarm not on account of the sxmp- 
toms but because of tlic knowledge that true y-rij reactions of the 
third degree liegin xen soon after irradiation Pfahler beliexes that 
thej are ciuscd b\ an electrostatic discharge and that thc> can be 
prexented bx grounding the lead foil that is placed around the ir- 
radiated area for the purpose of protection Mo«t roentgenologists 
agree with Pfahler Tlie plienomenon was noted bx Schultz, Beclere 
and others x ears ago 

CUTANEOUS X-RAY AND RADIUM REACTIONS 

Radiodennatitis of the usual xanctx inaj be dixided into two 
tjpes— acute and chronic The acute tjpe is subdixided into three 
degrees, namel>, first, second and third degrees 
First Degree —The first-degree reaction consists of a simple cutaneous 
crxthema or hxperemia This max x-xrx from a hardlx perceptible 
flush to one that is intcnselx red and associated with slight edematous 
swelling The subjectixesxmptora IS burning or tingling there max be 
Itching The reaction becomes manifest, as a rule, in from fixe to 
sexen daxs and reaches a maximum of dexelopment in from ten to 
fourteen daxs after which the bright red color changes graduallx 
to a dull red then to a brownish red and disappears usualh in the 
third or the fourth w eek Pigmentation maj remain for sex eral w eeks 
and there is IikeK to be ^0Ine desquamation during the stage of involu- 
tion If the affected area mxolxesa hairx part, depilation is apt to 
occur during the third week The alopecia max be temporary or 
permanent 

Second Degree —There is no sharp line of demarcation between 
reactions of the first and second degrees It is generalK understood 
that if a reaction progresses bexond hxperemia and slight edema it is 
of the second degree A second-degree reaction is recognized bx 
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edema, vesiculation, erosion or superficial ulceration. The erythema 
of second-depee reactions is likely to develop two or three days 
earner than that ol the first degree In a few days the color is scarlet, 



Fi< 7 . os — Firfsf^dcKroe tndiodormatiti'^ ArcJ on arm shows a moderate reaction nhilo 
tlic area on the forearm fehons a more mteri'c reaction 


it then becomes purplish red or bluish red— livid In ten days or 
two weeks the intense cutaneous edema destroys all or part of the 



Fig 69 — Second-degree reaction of mild type Here there is edema wi 
vesiculation, erosion and exudation 


epidermis, with a consequent moist or j^lfformation. 

This development may or maj' not be preceded bj . , ^ 

The exudate drys into a crust which may be impetlgmous, but aU.cn 
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ma> be fiim and drj The subjcctnc sensation is first tinglmg and 
burning and then a burning pain nhichmaj be distressing Second- 
degree reactions heal spontaneously m from sl\ ^^eeks to three 
months, depending upon the mtcnsitj of injury and the extent of 
«iUT{ace m\oKe<l Hair u\ the itradiate<l area Mill fall out in three 
weeks and tlie rcbulting alopetia will I c permanent Ihe regeneration 
of epidermis is complete and if the connects e tissue has not been hadl\ 
damaged and ^cfjiic! i do not deiilop the final result is clinic ill\ normal 
skin 



bir 70 — '"'ccontl degree rAcliodermititis of sc'tte tvpt There is ilistriiction of 
the epidermis with etudatioo md coistini; nnd severe p-wn Reaction required about 
two months to di appear 


Third Degree —There is no line of demarcation between reactions of 
the second and third degrees It ma\ be said that if the ulceration or 
necrosis in\ olv es the true skin the reaction is one of the third degree 
The first e'adence of reaction (enthema) is likeK to he seen within 
twent^ four or fort\ eight hours and m a few da\s it becomes of the 
li\ul or bluish red t^pe In two or three weeks tlie congestion and 
edema of the deep tissues liecome intcobc e\en to the extent of board 
like hardness on palpation, the epidermis exfohites lea^ mg a denuded 
derma One of two things max now happen The injured cutis and 
subcutaneous tissue ma\ undergo rapid ulceration or the affected 
parts maj form a dr\ hard, necrosed mass with a crusted surface- 
dry gangrene (called fourth degree bj some) In the latter instance 
the necrosed mass, surrounded by intense inflammation, will remain 
apparently stationary for weeks or months exentually it is con- 
\ erted into a slough which is finally throw n off the result being a 
deep ulcer In either instance after a period of considerable ulcer- 
ati\ e acti\ ity assuming that the mjury is bey ond immediate repair, 
the ulcer dexelops distinctixe chanctenstics The abrupt margins 
and the deep seated floor produce a punched-out appearance The 
absence of granulation tissue and the subsidence of reacti\e inflamma- 
tion creates a dry glistening floor In other w ords, there is an indolent 
15 
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ulcer This is the usual clinical picture. ITiere may be unhealthy 
granulations and a heavy muco-purulent discharge. The detailed 



Tig /I, — i\ pK.il third-dcCTee, indolent, x-my ulcer. Xote the abrupt roargin. 
tbe sliJDv dn bite and the absence of cranulation tis^ve This ulcer reejuired ncarl< 
U o ^e irs to h" tl irid the patient suffered exf ruf latinir pain for the fir^t eiAit months 



Fio 72 ~Third-'h-jx'‘p radiodennatitii- of the Gnzer tip; 


clinical picture wiii naturally vaiy n-itb the degree of 

EUCCesrful or abortive attempts at repair, together nath the action 
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bacteria The ulcer ma\ in\ohe part or all of the true skin, the sub- 
cutaneous tissue and e\cn the muscles Small, comp^rltl^el^ super- 
ficial ulcers ma\ begin to granulate m a month or t^o healing being 
complete in a few months Tlie larger and deeper ulcers usualh 
remain indolent for main months e\en \cars 1 here Ina^ be on the 
other hand slow but steadv healing and occasionalI\ an ulcer of long 
standing will suddenU litgm to gramil itc and heal rather prompth , 
■^3 a rule howe\er, if an ulcer Ins not undergone spontaneous repair 
w ithin a \ car or eighteen months it w ill I>e^sl^t indefinitels 



Fic 7a — Folliruhr rwliodcrroalilis of a miW <iocontl tlegrcc 


The cicatris following a third degree ulcer ma\ he hcalth\ jihable 
and possess the color and p ilpable consistence of normal skin— m other 
words, of exceedingh gooil cosmetic qualite Ihe end results, un 
fortunateh are likeK to be marred b\ undesirable disfiguring and 
even dangerous sequcl'e These possible sequelaj do not, howe^e^ 
include cicatricial contractions and ectropion and it is ^erv uncommon 
to see hypertrophic scars keloids or keloidal bands 
The chief subjectiye symptom of a third-degree reaction is e\cru 
ciatmg pain of a burning character The pain usually subsides just 
before healing begins Indolent ulcers remain eyceedinglj sensitiye 
indefinitely , but the mdiyidualdoes not actually suffer after six, eight 
or tw eh e months 

Unusual Features —We haye encountered two instances of what 
might be termed follicular radiodennatitis (radiodermatitis folhculata) 
In both instances there was a moderate, diffuse erythema with slight 
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de^uamation, over a circular area 6 inches in diameter. The follicular 
orifices and the perifollicular regions were slightly elevated and of a 
much more intense red color than that of the interfollicular portions 
or the affected area. In one of the patients there was a follicular 
atrophy following the disappearance of the eruption. The appear- 
ance was not unlike that seen on the extensor surface of the arms 
in adults who have tlie atrophic remains of a former keratosis pilaris. 

Occasional!}'’, in reactions of second and third degrees and even those 
of the first degree, there is considerable deep-seated edema of the 
unexposed adjacent tissue. This is especially likely to occur if the 
I adioderraatitis is in tlie vicinity of the eyelids. 

Variations in the period of clinical latency are not uncommon We 
have seen erythema develop within two or three hours after a radium 
application and persist for two or three veeks. In one such instance 
the involved areas showed telangiectasia after the lapse of over a 
year In another instance the erythema was followed by persistent 
pigmentation. First-degree .a-ray reactions are manifested, at times, 
within twenty-four or forty-eight hours Conversely, the appearance 
of both mild and se\ ere reactions may be delayed several days. 


Complications,— Probabl}' the most common and most annoying 
complication of exudative or ulcerative radiodermatitis is infectious 
eczematoid dermatitis. This disease originally described by Engman 
and later by Fordyce, appears to be a sensitization on the part of the 
skin to discharges from wounds, ulcers, sinuses, etc. W^hether the sen- 
sitization is in relation to bacterial products or to other chemical 
i ngredients in the discharge is unknown The first objective indications 
of complicated radiodermatitis are a redness and swelling with itching 
and burning or stinging bej'^ond the confines of the previous inflaim 
mation. The dermatitis, unless checked, soon becomes exudative and 
spreads by peripheral extension and may become generalized 

A number of instances of vegetations occurring in the course o 
acute radiodermatitis of the second degree have been observe . e 
lesions developed just previous to the first signs of 
ranged in size from a lentil to a bean, were firm but not ar 
sistence, yellowish red in color, and presented a moist 
resembled the flat condyloma of s^'philis It is possi e 
lesions consisted of an overgrowth of unhealthy 
hypothesis is probable because of tlieir spontaneous 
in two or three weeks The}’’ possessed the ciimca app ^ 

proliferated epidermis (acantliosis) which, ^ nvoaenicum 

proliferative type of acute radiodermatitis Granu om p, 

must also be considered in these cases ^iprmatitis 

Se,uete.-The sequete of radiodermatiOs a.d 
are, [unfortunate], , ratlier common Some of them chronic 

others are dangerous the sequete are commonly spoken ot 


radiodermatitis 
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TELANGIECTASIA 

lelingiectisia (chlited cutaneous vessels) is more common after 
second- and third-degree reactions tlian after those of the first degree 
But It should be pirticuhrh and forcibh emplnsized that a verv 
pronounced telangiectasia ma\ follow a mi'd ervthcina provoked 
b\ either x-ra\s or radium flie <lilattd capillaries ire seen as red 



FiQ 74 —Xeroderma pigmentosum shoHins telangiectasia pigmentation keratoses 
and opitheliomata Note the similarity to the so-called z ray skin 


puncta and delicate to coarse, straight to serpentine, more or less 
parallel vessels which produce a brilliant red network, which at a 
distance, maj appear as a diffused ej;>tliema The color disappears 
under diascopic pressure At times the telangiectasia, at a distance 
presents a macular or mottled appearance On close inspection the 
macules are seen to be composed of a delicate capillarv plexus 
\ears ago it was common to see a verj large area of telangiectasia 
the entire abdomen for instance, with widespread atrophj and a 
central mdolent ulcer or cicatrix, with multiple keratoses scattered ov er 
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affected area In tl * 

Pict^e fr°™' tte'Srant “r^^Wa seeded ,„ 



F lo 75 —Telangiectasia at T! -— -- ■ ( 

'’‘’"'»'»'»Scpid.el,o7^i-a\rsX^^^ imd at ti.o Io«er part a 

suosequent to severe radiodeimatitis 

subsequent to the few iveeks or a few inoiitiis 

appearance abol ?" --T*"' “ “■•‘kes to 

eighteen months it n^u feJangjectasia has not occurred in 

giectasia occur rina; seveml^ appear, although cases of teJan- 

tJon have been reforded many years subsequent to irradia- 

telangiectasia mn ri i a controversy as to whether or not 

Hazen believes tlnt'^f absence of an antecedent erythema, 

previous reaction may occur in the absence of a 

which Ave uro,./:. u I , ne\"ei seen a case of telangiectasia in 
action Sunt. ^ ^oiuteJ.\’ certain that there Avas no antecedent re- 
to other enii are frequently masked by inflammation due 

tnnipal t erroneously considered the result of 

time mmr 7 Other causes Telangiectasia, in the course of 

> y isappear spontaneously. Usually it is permanent. As a 
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rule telangiectasia reaches ma'cimum de\elopment in a ^ear or t^o, 
but occasional!} new n essels continue to appear o\ er a period of ^ ears 

ATROPHY 

Cutaneous atroplu is in e\cec<lingl} frequent sequel It practicalh 
aiwa}s follows second- and thmWegrec reactions and ina} occur ns a 
result of e\en mild reactions of the first degree The atropli\ mi} be 
of several different clmical t}pes After mild and inodcratel} severe 
reactions the irradiate<l area nia\ liave a slightlv lower level than that 
of tlie normal skin Tlic most common manifestation of atrophv is 
wrinkling This mav be so slight as to he imperceptible except when 
involving tlic face, particularlv near the mouth, and even here it ma} 



Fit, 70 — Atrophy and tvrinklin{, ol «km ol face two years after roentgen lliotapj 


be noticed only when the muscles are used in such acts as smiling, 
laughing weeping mastication etc If of a more marked degree (he 
wrinkling ina} be noticeable even when the part is in repose The 
extreme grade of this tv pe of atrophv is seen in the skin of the extensor 
surfaces of the articulations v\here it mav constitute an anetodtrmia 
After severe reactions the skm mav be thin shinv dr\ scah semi- 
transluccnt and wrinkled— resembling parchment In siicli instances 
It eczeraatires and fissures readil} anil mav reveal a lessened resistance 
to various kmds of traumatism Still another tv^e of atrophv is the 
hidebound skin where the skm is attacJiedto dense underK mg tissues 
This t}'pe somewhat resembles scleroderma and is common after third- 
degree reactions It maj also occur after repeated first-degree re- 
actions 
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Like telangiectasia, atrophj'' can develop in a few weeks but it is 
most likely to appear in about a year. If it has not developed in a ear 
or eighteen months it is not likely to appear. Unfortunately the defect 
is permanent. Atrophy may lesult without an antecedent visible 
reaction, the result of long-continued treatment with small doses 



Via. 77 -iJeiiit-nientation, piOTcnfaOon, 

cau'^d heuMlj fccreened jadium Albo pcrmantin 

PIGMENTATION. 

Tanning or pigmentation is common several 

As a rule it will disappear in a few 

months and even for a year " ‘""’f ^^actions there may be 

pigmentation may be permanent. Alter s ^ 

depigmentation instead of hyperpigmentaPon. ibis is seen m 

in very dark skins. . troublesome degree 

Lentigo and diffuse pigmentation mu' - ^ ^ j^ld 

in ferlain individuals, particularly irune , ^j^gg reaction 
exposures— a dose well within fj^the freckles and diftuse 

such inslanies, if the treatment X but they may last 

tanning will disappear usually m a few weeks, 

for months. 

HAIR FOLLICLES, 

When hairy parts arc irradiated with one to 

a first-degree reaction, delluiium wdl occur anim 

four w'eeks. 



GLASDiy 


237 


Lsualh tlie Inir Ijcpns to f ill out nbout the tlurcl iseekand ceases to 
f ill b\ the end of the fourtli \\ cek ( omplcte mcl permanent alopecia, 
\Mth the exception of a few scattered coarbc hairs and more or less 
fine lanugo hair, follows reactions of the second- and third-degree and 
w cll m irKed reactions of the first degree A fairh complete deflux mm 
will practicallx alwaxs folloxx c'cn a mild and transient erxthema 
Tlie hair xxill iisuallx regroxx after a mild reaction hut it max not do so 
The follicles haxc been knoxxn to regenerate exen after a well marked 
erxthema tliat endured for txxo xxeeks It is xxcll to bear in mind 
hoxxexcr that follicular regeneration is iiexer certain after exen a xerx 



Fjg "8 — Permanent alotiecia caused b> x raja 


mild reaction It is possible, bx the repeated application of suberx- 
them i or smaller doses to effect permanent alopecia xxithout the adx ent 
of er\t{iema If regeneration occurs the hair xxill begin to groxx again 
in from one to six months, depending upon the dose administered If 
alopecia is present at the end of six months it w ill he permanent The 
mature t\ pe of hair depilates more readilx than does lanugo or doxxnx 
hair 

SWEAT GLANDS 

The coil glamC lrla^ regenerate complete!) after a first-degree reac- 
tion but there is liCelt to be i noticeable diminution in tbe secretort 
function A second-degree reaction wiU substantnffy reduce the 
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activity of the glands and they are totally destroyed by third-degree 
reactions. The sudoriferous function may be lessened and even per- 
manently arrested by repeated exposures without an accompanying 
reaction. 

SEBACEOUS GLANDS. 

A single hrst-degiee reaction may permanently impair the function 
of the sebaceous glands although this is not the lule Repeated 
erythematous reactions or a single leaction of the second degree will 
reduce sebaceous activity as evidenced by a dry skin. Third-degree 
reactions completely destroy the sebaceous glands. As with the hair 
follicles and coil glands, the sebaceous glands can be reduced or even 
destroyed by repeated mild irradiation without a visible reaction. 


MUCOUS MEMBRANES. 

While we have no experimental data wdth which to prove the asser- 
tion, it is our impression that the orificial mucous membranes are 
more sensitive to a;-rays and radium than is the skin. It has been 
claimed that the vaginal mucosa is more resistant to irradiation than 
the skin and that this resistance is caused by the acidity of the vaginal 
secretion. We cannot confirm these observations. 

Radiodermatitis of the mucous membranes does not differ from that 
of the skin except for slight differences m the clinical picture. The 
erytliema may be oA’erJooked so that the reaction is apparently inau- 
gurated with edema and erosion 


NAILS. 

Radiodermatitis of the distal end of a finger, if severe, may result in 
a defluvium of the nail As a rule the nail will regrow ^ iMucIi more 
common phenomena are transveisc or longitudinal ridging, slow 
growth and brittleness of the nail following severe reactions, repea e 
mild reactions, or long-continued treatment without reaction. 


KERATOSES. LATE ULCERATION. CANCER. 

Keratoses are prone to develop eventually m so-called 
They are fairh^ common after third-degree reactions, m requen 
sequent to reactions of the second degree unless the J ’ 

and rarely occur as a result of a single first-degree reaction : ‘-adia- 
occur after repeated erythematous reactions and after ftequen ^ 

tion over a number of years without reaction The esio 
occur on skin that is atrophic and perhaps . i 

Keratoses are of sei'eral ( linica! varieties / hnrnv la) er. 

elevation consisting of a thickened but „„„ to a dime 

The lesions range in size from a pinhead, a lentil, ^ T p„tire epidermis 
Another type consists of a perceptible tlnckemng ot another 

in addition to the adherent scale— acanthotic kera 
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form IS ^^llere, iii iddition to lupcrph^a of the rttc under tlic kera- 
tosis, tlicrc is associated edemn and aesuk formation The \csicles 

are nc\er \\el!-<^e^eloped thc\ occur uiidtr the tlutkcned horn\ h^e^ 

which becomes ele\ ated, pressure will cause a droj) of serum to c\ude 
riie condition is caused In a peculiar degeneration of tlie retc— d\ skera- 
tosis and a de"cneratton of the iipiier part of the derma \-ra\ 
kerato«es, or ar-ra\ warts as the\ arc often design ina\ be exceed 
ingh tender 



Fio 79 -L-ite ulcers de^cJopinB iM ronnlccn skm nftlictliich 


The wart^ excrescences ma\ develop a few months after tlie healing 
of a severe reaction but, as a rule, it is several vears before the^ make 
their appearance These keratoses are not epithehomata, but inas- 
much as manv of them eventuallv develop into cancer the.v must be 
regarded as potentiallj dangerous 

Ulcers mav develop months, usinllv >ear6, after the healing of a 
severe reaction or in skin that Ins bteti subjected to repeated mild 
reactions Schmidt has noted ulcerx occurring in from three months to 
a jear subsequent to filtered treatments, without antecedent reaction 
Many such ulcers arc causcil bv traumatism acting on devitalized 
tissue Such ulcers mav heal spontaneouslv or thev mav persist, prove 
recalcitrant to treatment and eventuate in cancer 

Ihere is hkelv to be i somewhat constant exfoliation after t)ie 
healing of sev ere reactions The scales usuallv cease to form m a few 
months hut mav continue for a jew or two 
Cancer usuallv of the squamous cell vanetj, develops secondary to 
keratoses or to spontaneous ulceration Epithelioma has been known 
to occur withm a jear after the healing of a third-degree reaction but, 
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fis a rule, Ihis iinlDvtuniOo OcvoJopuioni does not 
or many years. 


lake place for several 



Fig. so — Atiopliy, o\ccsfei\o clij'iioss, pjanionUilion, tchinKiccl.'i'-in and koiato'os 
sovoinl years after a seicrc indjodeonal)!)" 


Malignant neoplasms resulting IVoJu tieatmcnl with .r-ruys or 
radium are usually of the squamous-cell (priekle-ccll) variety, Baso- 
squamous-ccil neoplasms and, oecasionaIl\ , ))urc hasal-ccll tumors 



Fio 81. — Chronic racliodeimatitis of bicasts Area of ulcer 

Microscopic examination lovealed equumoub-ccll opitfio lO 


develop in chiomc radiodermatitis. Some pathologists e i 
these basal-cell lesions are not caused by the radiodcima 
that they would have occuried without the irradiation injuiy^ 
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there is an erroneous histologic diagnosis ^^c have encountered a 
number of lesions that were diagnosed basal-cell growths bv several 
histopathologists, and anaplastic liiglilv malignant tumors bv other 
pathologists Iherc have liecn i number of reports of spmdlc-cell 
sarcomas as a result of cvccssivc irradiation Alost pathologists doubt 
that a’-ravs ever c^u^e sircoma It is jKissible tint these reported 
sarcomas are ewmples of so cdlcil spiodle cell cpithcUomas 



Fto 82 — VV ulcspread cbronic radiodermaUtis hoi\m„ atropbj depigmenfation lafe 
ulceration and begiuDiog squamous^U epithelioma 


CHRONIC RADIODERMATITIS 

1 hib term bv some clinicians, signifies an indolent ulcei rcsultin 
frum an anitt third-degree reaction Others emplov it to indicate the 
so called x-ra\ skin a skin that shows one or all of the sequele already 
enumerated and vv Inch mav be the result of a prev lous acute reaction. 
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or which may develop insidiously as a result of repeated irradiafinn 
o\ er a ong period of time. It is ob^ ious that a chronic radiodermatitis 



83 — PnrJJe-tfll ejjitlieliorna, numerous Ke^ato^es atrophy', pigmcnfation and 
cuntaec-tasia. This pJiotOKraph could veil repre'cnt the Fo-called x-ray skin, sailors' 
xeroderma picmento>-uin The patient was an x-ray technician 
CEillcr, coiirfe'j of Bnt Jour. Dermat and Sj'phil ) 


may be atrophic, hypertrophic or ulcerati\e A-ray skin hears a 
Dtriking resemblance to .\'erodenna pigmentosum and sailors’ or farm- 
ers skin, in which there is an idiosyncrasy to sunlight or certain wave 



Fig 84 — Chronic radiodermatitis Pigmentation, depigmentation, scleroMS and kera 
loses Nodule near mouth is a pquamous-cell epithelioma 

lengths thereof, and in which develop lentigo, cutaneous atrophy, 
ulcerations, keratosea and cancer. 
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Injuries to Deep Structures — The denmtologist is not pirticularh 
interested m ^ ^a^ or ndium injiines to the subcutaneous tissue and 
Mscera, except the reproductnc organs T!ie effect of irradiation on 
all the organs of the bodx is disciissetl in other chapters 1 or detailed 
discussion of injuries to such structures ns a result of therapj ^'ith 
dosage and technic tlie reader is referred to books l)\ I 1 llingcr, 
r H Pohle, Otto Glasccr, and Colwell and Russ (see Bibhographi ) 


"HARD," "SOFT" AND FILTERED RAYS 

riierc hue been misleading statements relatuc to tlic difference 
in effect on normal skin of nnhitcrtd and filtered radiation The bio- 
logic action of radntion is due to tint part of the ridiation that is 
absorbed Pew er short w i\ es w ill be ibsorbcd bv a gi\en thickness 
of tissue tlian long wa\cs Rut no matter how short are the radi- 
ations, some arc absorbed b\ the skin ihcrc is no fundamental 
difference m the biologic action of short and long waic length 
Tra^s Xaturalh \er\ "soft ra\s will affect mostli tlic super- 



riG Ro —The pliotograph shows tplaneiectasia Tlie skm and subcutaneous tissue 
in this area are sclerotu {x ray sclemderma) Syh cquontly Keratoses and ulcerations 
dc\eloped Injurj was caused b> filtered radntion an erjlliema ensued and disap- 
peared in two or three weeks 

ficial tissue while 'er> hml ra\s scatter the eflcct more cquallv 
throughout a greater depth Ihcrefore a rodiodermatitis produced bx 
soft radiation will be more superficial m character than will that 
produced bx hard ’ radiation 1 his question w as touched upon in pre- 
\ious chapters and it will be discuss^ again in subsequent chapters 
Let it suffice to state here that a first- second- and third-degree radio 
dermatitis can be produced b> x-rays and radium raxs of anv waxe 
length As will be shoxvn m the succeeding paragraphs the tx'pe of 
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cutaneous reaction depends more upon the intensity-time factor than 
upon voltage or dosage. This question was discussed also in previous 
chapters 



RADIO-EPIDERMITIS AND RADIO-EPITHELITIS. 

Fractionated irradiation with high voltage g ^^(75 cm.) 

filtered (2 mm. lead) a:-rays at long popular- 

based originally on the work of Kmgery, ^foWer “ind Bega A p ^ 
ized by Coutard and employed by most 

ment of deep-seated malignant diseases, pro . ^ 

that differs from that caused by a single ^ ^ ^ime- 

question of filtration, high A’oltage an ’ With, daily doses 

intensity factor which is of the utmost impo 2000 to 

of aboul 200 r and a total dose, in about Wy days^ tpTdermitis or 
5000 r, a cutaneous reaction results that is either epiQ 

^^Radb-epithelitis consists of almost 

dermis includmg the basal-cell lajmr, complete by the 

about the thirteenth day and healing is 

twenty-sixth day _ , layers of the epi- 

In the cases of radio-epidermitis only the upp^^ pgak 

dermis are destroyed and exposed Th 
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about the t^entj -SLXth daj ind disappears in about fifteen daj s The 
t\ pe of reaction depends upon both the dose and the time factor 

The subjects c s\Tnptoms consist of a severe burning sensation and 
5ensltI^eness Objecti%eI\, there is a dark red, intense er\thema 
edema perhaps exudation, and usualK desquamation Ihere is 
usualh, or often, alopecia, Inch max bepennanent 

It has been thouglit tint sucli reactions do not lead to sequelie 
because the true skin x\as not injured bexond complete repair But 
permanent alopecia indicates injurx to the denna \^e ha\e seen 
‘j-rax skin xears after fractionated irradiation, and m the chapter 
on the pathoIogN of radiodcrniatitis bx Montgomerj injurx to the 
deep cutaneous x cssels and other structures is demonstrated 

GRENZ-RAY REACTIOKS 

The grenz rax s (borderline rax s) are ar-rax s of x crj long xx ax e length 
(2 A axerage) Ihc reactions caused bj xxaxes of this length differ 
somewhat from those cfTccted bx ar-raxs of ordinarx xxaxe length 
The majoritx of the xxaxe lengths m the heterogeneous bundle of 
grenz raxs are absorbed bx the epidermis and upper part of the true 
skin Therefore the reaction, xxliich max be intense, is Iikelx to be 
xerx superficial With doses customarilx emploxed for therapeutic 
purposes, complete recoxerx appears to be the rule Hoxxexer, •xorae 
of the xxaxe lengths art capable of penetrating to a considerable depth 
so that XX ith xerx lieaxx do'-age permanent injurx max result Ca«es 
of telangiectasia and atrophx haxe been reported and haxe been seen 
bx us 

After an erxthema dose the reaction usuallv dexelops in a fexx hours 
It lasts for one or scxeral xxeeks and max be accompanied bx edema, 
xesiculation and erosion depending upon the size of the dose The 
reaction is usuallx followed bx pigmentation that max last for manx 
months Unless the dose has been \er> hcixx (manx times the 
erxthema dose) the hair does not fall out 

RADIUM DERMATITIS 

This subject can be opened with the statement that there is no 
essential difference between reactions caused bj *-rajs and those 
effected bx radium The gamma raxs and the more penetrating of the 
beta raxs will effect the same tjpe of reaction the same sjanptom- 
complex the same complications and the same sequelae as will the 
O' raxs Unfiltered radium causes an exceedinglx superficial reaction 
which maj be limited largelx to the epidermis Such reactions mav 
appear x ery sex ere but thej heal promptlx w ithout scarring and often 
without sequelae Obx louslv if nothmg but the epidermis is injured 
or if the cutis is not injured bevond complete repair, healing w ill be 
rapid and sequelae will not dexelop But if the injury inxolxes the 
true skin to a degree that nature can repair with difficulty or only 
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bcompleteb*, the resiilt viU be^slotr healing anrJ sequels. Keratoses, 
te^pgje^sia, ^atrophy, chronic ulcers and cancer subsequent to 
radium dermatitis, are common. 

^ Heavily hliered ::--rays and espedally the gamma rays of vei:^* short 
*' a I e length provohe a reaction that may be fairly uniformly distributed 
through the tissue to a considerable depth, involving not only the 
subcutaneous fat but thick layers of underlying muscle. The pain 
from these reactions is most intense and because of the absence of 
superhcial^ ulceration one is apt not to recognize the seriousness of the 
situation lor several months. V\e know of deaths that have resulted 
irom reactions of this 1^7)6 (from heavily hltcred radium) in which 
there was no early ulceration. In one instance the reaction extended 
through the entire abdominal wall. The sldn was Ji^'id red, the abdo- 
men was as hard as rock, and the pain was intolerable. At the end 
of several months the tissues broke down, resulting in deep ulcera- 
tion. 1 he patient died of exhaustion. In another instance the patient 
died before the tissue ulcerated. Postmortem examination showed 
sclerotic and necrosed tissue extending to the deepest parts of the 
abdominal wah. 

In the past, when using gamma rays, it was the custom to use lead 
as the niter and to place the lead-corered applicator in direct contact 
with the skin. A long esrposure vdth such an applicator gave rise to 
severe, but supernrial ulcerations— -reactions that healed spontaneously 
in a few weeks. Tliese reactions were supposed to be due to tbe gamma 
rays and they seamed to support the contention of many physimns 
who persistently insisted that .v-ray reactions and radium reactions 
had little in common. TTe Imow that such reactions are due to the 
vert' ‘'soft'’ radiations from lead and that they can he prevented hx 
placing suitable absorbing material fdass, aluminum, rubber, leather, 
paper, chamois) between the lead and the skin. 

ULTEA7IOIST BAYS AS A PKOPHTLACTIC AGAINST EADIO- 

DEBI^AimS. 

Becker in 1915 claimed to be able to increase tolerance to r-'Tays 
by tanning the skin with ultrawolet radiation. In^ 1922 S^pson 
made the same claim. Sampson's article evoked considerable m res 
and argument at the time and he received some support. oper 

ators of experience dkagreed with his nn dings. It was wntrarx om 
experience. In 1925 Z^Iacifee and Andrews reported the resu^ 
experimental work on this question. Their conclusions ^ ^ 

ulrra'riolet irradiation does not increase tolerance k - 

radium; that, in fact, it may decrease tolerance. Since en no 
has been heard of this subject. 


TBBATItIBIvl’ OP BADIODERItlATTTIS. 

Insx Degree.— There is no known way of preventing 
reaction after an ewtliema dose has been adnnnn er 
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prophylactic measures lia\e been suggested for use during the latent 
period These consist of soothing agents, dilute solutions of acids, 
alkaline solutions etc, but they are of no aalue It is important 
to avoid stimulating or irritating applications previous to, during and 
subsequent to irradiation lor the erythema the following ointment 
ind solution will suffice 


n“7mci stearati:^ 

Vdspis Ians 
Petrolati albi 
Miscc 

— Applj to aOectCfl parts at Ixxltimr 



n— Zmci oxjdii \ 

Magnesu carbonatis / 
Calamin® pneparata 
Vqua: hamamclidia 
Liquona calcis 
Misce 

SiK —Shake a^ell and sop on 


ft I 3j 


q 8 ad 


OBS 

5; 

5>v 


afTcctcd parts sea oral times dailj 


If itching IS present 1 or 2 grains of menthol or 3 to 5 grains of 
phenol mav he incorporated m the ointment To the solution mav 
be added from 1 to 10 grains of menthol and from 15 to 30 drops of 
carbolic acid 

During tlie acute stage soap and water should be avoided cleansing 
being accomplished with one of the following mivtures 

1^— Phcnolis liquefacti gtt rv 

OleioliMD 3iij 

Petrolati liquid! q s ad 

Misce 


n—Mncma msKncsia* 
Pctrolati liquidi 
Sodii boratis 
Aqua toss 
Mtscc 


3n 

SU 

a) 

q s Rd 5\iij 


If the reaction is severe vMth considerable burning a wet dressing 
IS hkeh to prov e soothing For this purpose one mav employ alumi 
num acetate a 2o to 50 per cent solution of the waterv extract of 
witch-hazel milk of magnesia diluted or m full strength lead and 
opium wash (filtered) oh\e oil, or carron oil 

Second Degree —Here we are dealing x\ith a liroken epidermis and 
more or less exudation If there is active exudation ointments should 
be avoided because thev obstruct drainage The serum lifts the 
ointment preventing the ingredients from contact with the affected 
surface flows from under the ointment comes m contact with the 
surrounding normal skin and may give rise to eczema 
If the exudate is not heav-x it is permissible to emplov a paste as the 
large starch content will permit absorption and evaporation 

R~Zinci oxidi \ 

Amyli / ft®' 5U 

Petrolati albi q e ad gj 

Misce 
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The paste is to be applied at night and remoAed in the morning 
with the albolene and olive oil cleansing solution. The calamine lotion 
may be employed during the day If there is considerable discharge it 
is advantageous to employ one of the enumerated wet dressings day and 
night during the stage of active exudation In severe reactions the 
patient is likely to complain bitterly of burning pain and almost every 
application will become uncomfortable if it is not so when first applied. 
In such instances it becomes necessary to change from one solution to 
another until something will be found that can be tolerated White 
of egg, the moss preparations and various other emollients may prove 
useful m individual instances Acids and alkaline preparations do 
not seem to possess special value Starch poultices are useful at 
times but, as a rule, wet dressings are preferred by the patient An 
emulsion consisting of 1 ounce of magnesium carbonate to 7 ounces of 
carron oil is a good application for these reactions 

In the nonexudative stage, a cream may be more cooling than an 
unguent Unguentum aquie rosie (U S P ) may be employed for the 
purpose, or one of the following creams in which ma\ be incorporated 
such chemicals as zinc oxide, zinc stearate, calamine, etc , according to 
indications From ^ to 2 grains of menthol may be added for the 
cooling effect 

— Olei theobromatis 
Ceraj albae 
Adipis lanae 
Olei .amygdalaj e\pressi 
Aquffl 

— Adipis ansermi 
Olei theobromatis 
Adipis lanre 
Aquffl 

1^ — Olei olivie 

Olei theobromatis 
Adipis lanre 
CersB albai 
Aquie 

The various almond and quince-seed emulsions, and vdtch-hazel 
Cl earns, alone or combined with other chemicals, can be used to 
adt'antage at times 

If none of the suggestions already given affords relief from the pain, 
from 5 to 10 per cent of benzocaine may be added to the ointmei^, 
paste, solution or emulsion This drug at times seems to act exceed- 
ingly well Beta-eucaine-lactate, in the same proportion, or butysin 
picrate, will afford relief in some instances Occasionally 1 or 2 grains 
of menthol, phenol, eucalyptus or camphor, when added to the pr^ 
scription, seems to lessen the pain Local remedies placed on a thic 
crust will be of little benefit If not adherent, it is preferable to remove 
the crust if there is much pain If not, and there is no exudation, i 
is better to leave the crust alone Not infrequently a patient becomes 


Per cent 
18 
10 
6 

60 

16 

65 

12 

15 

8 

65 

5 

5 

5 

20 



TREATMENT OF RADIODERMATn n 24Q 

sensitized to drugs such as benzocame and but\sm picnte If so, a 
troublesome complication ari<«s in the form of dermatitis ^enenata 
\er\ ueak ichtlnol applicationb iua\ prove bencficnl at tiint^ 
Ichtlivol in the strength of from 1 to 3 per cent inav be added to tbe 
ointments pastes and creams or the follovv mg lotion mav be tried 
B—Ichtbl ol 

ziaci 

Magnesi carbonatia 
Liquoris calos 
Miace 

Third Degree —The most difficult problem m the treatment of 
reaetions of the third degree is to obtain relief from the se\ ere pain 
Patients wall welcome anv new local application onh to throw it aside 
m an hour or two One remedv after another will be tried until the 
resources of the pharmacopaia and of the phvsician are exhausted 
Portunatelv h\ tliat time the pain wall begin to lessen and tlie remedv 
that IS being used at the time, or the phvsician who prescribes it wall 
receive the credit Psvchologic influence can be used to advantage, 
tact, patience and constant encouragement are essential In addition 
to the remedies alreadv enumerated an icebag placed on a wet dressing 
mav effect temporan relief During the stage of gangrene or slough- 
ing local remedies are of httle use The injection of local anesthetics 
in and around the afTected area seems to afford verv little comfort and 
IS not a good practice The weight of bed clothes thick pads and 
bandages are not well borne and should be avoided 
It IS almost alvv av s neecssarv to resort to the internal admimstration 
of sedatives for the first few weeks or months Bromides and the 
coal-tar preparations arc practicallv useless except in mild cases 
Codeine and morphine will give relief but thev must be used verv 
cautiouslv and intelligently m order to avoid the acquisition of a drug 
habit Aspinn is sometimes useful 
After separation of the slough tlie pain can usually be controlled 
by local applications Slight stimulation is now indicated For this 
purpose the ichthv ol lotion or a zinc ointment or paste containing from 
1 to 3 per cent of ichthjol mav be cmploved Care must be taken 
not to injure or overstimulate the delicate granulations If exuber 
ant thev may be destrov ed vvitli the curette and a 10 per cent solution 
of silver nitrate It is permissible to stimulate sluggish granulation 
tissue b\ applications of silver nitrate, beginning with a 1 per cent 
solution 

Indolent ulcers can often be made to granulate and heal bv exposure 
to the sun or to artificially produced ultraviolet radiation The expo- 
sures at first should be very mild but later the strength should be 
sufficient to effect a mild erythema of the adjacent normal skin Tw o 
treatments a week will suffice Scarlet R, medicinal ointment, 0 5 to 
5 per cent, and other dyes such as gentian violet mav be of benefit in 
some instances 
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2/j JiOEXJGEX EATS AXJJ JiADJUM EAYH OX 7 HE SKJX 

E:>.C'e]]ent h’dr>' ohiunm] v.'ith ihe jolly ohtamvl froHi 

the leaf of a plant called aloe vera, 'J'he plant jn'ov.'-, fn Floiida- T})<' 
leaf i' green In color and long and v.'jdc, soincv.djat like a '-'ivord- Th(^ 
-hell of the leal i-. thick and tough, but v.djcn fre-lj can be cut ea-il;> 
■vith a knile. On one -^ide of the leaf the ->bell i-> flat; on the other side 
it io convex Theie F a thick layei of jelly-like -ub^tance bc-tween the 
-helb. I'he leaf should be kept in a cool, rnoi-^t environment. It i- 
cTi'tornary to cut a piece of the leaf to the ~ize and -hape of the le-ion 
"Jlje con"e>: -h'^dl la*. <'r i- reirow'd. 'i he jelly 3-5 placvl in conta'^^ vith 
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the hoor of the ulee; and hjeld in position vith a bandage- DrC'-^ing^ 
are changed once or t'vice dailv, 'J'he treatixjent b inefficacioU7> for 
roentgen or radium T^equelae — atrophy, tel an ectasia, eelero-i^ and 
kerat/7-k. It app'iar-, to be inott effective in the ca^e of indolent 
roentgen and Jadimn ulcer-., 

To obtain sati.-d'ac'tor^' re'^ultT; it eeemb nece-i^ary to use the fre= 
leaf- Preparations on the market -vhich contain the aloe vera jeUy 
have been thus far unsatisfactoxo'. It is thought that the good re:5Uji-= 
are due to vitamin D, For this reason a number of dermatoIogist= 
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are now experimenting with ointments containing cod-liver oil and 
other vitamin D preparations but the method has not yet been eval- 
uated. An ointment containing penicillin is thought to be efficacious 
by some dermatologists. We are not convinced that an ointment 
containing radon is efficacious for the treatment of radiodermatitis 
In fact, we are of the opinion that further radiations can only aggra- 
vate tissue that has been damaged with .a-rays or radium 

Everything considered, especially in persons who have a long ex- 
pectancy of life, the best treatment for a third-degree radiodermatitis, 
if not too extensive and unsuitablj'^ located, is surgical excision If 
the entire affected area is removed the pain ceases at once and healing 
IS rapid. If the excision is wide and sufficiently deep, grafts and flaps 



Fig 91 Fig 92 

Fig 91 — X-ray ulcer of long standing (Courtesy of Di John Staigo Davis, Am 
Jour Roentgenol , 29, 43, 1933 ) 

Fig 92 — Same as Fig 91 after a plastic opeiation perfoimed by Di John Staige 
Davis 


take well. This saves months of agon}’, additional months of incon- 
venience and, most important of all, it precludes the subsequent 
development of sequelre This is an important point because if ai^ 
ulcer heals spontaneously or as a result of topical applications, the 
resultant scar will be always a menace because of the possibility m t le 
ultimate development of cancer During the acute stages it is difficu 
for the surgeon to ascertain the extent, especially the depth, of tie 
injury so that surgical intervention may be a complicated matter 
Furthermore, surgeons do not like to operate in such cases because the 
reparative powers of the tissues are so poor. In some instances a a 
tion can be accomplished In others, some form of plastic surgery is 
indicated. In still others it is better to avoid surgical interference at 
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1 uj 93 —Chronic rAdiodcrm-iliti^ of anal rce>oti before surcical treatment 
of Dr John Staiijo DnvH \in Jour Rocntccnol 29 -11 1933) 



25 *^ 


(Courte«> 


liu 9t —Sumo as Fig 93 jftcra plastic operation tierfumcd Di loho'^taige Da\is 



!'[(. 05 — ChioriK i acliodci matitis requii ing amputation of a fingei 

Fig 90 



Fig 97 

Fig 90 Chronip radiodermatitis before plastic surgery n a 

Fig 97 — Same as Fig 96 after plastic surgery performed by the late Dr O 
Porter 
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least until the extent and degree of mjur\ together with the abiht\ 
to repair, lias been determined ^er\ successful work of tins kind has 
been done b\ Porter Mc\rtluir, Da\is Slicelnn McPliec, Gillies and 
Mclndoc Shore, Blair, Brown and Hamm ^^ebstcr I igi New and 
Di\ Pack, Martin Viifncht Ad nr M irtin and mam others 
In fact most plistic surgions and cancer specialists are kept bus^ 
rcpnring j-ra\ and radium injuries ^^c aiKisc surgcr\, whene\er 
possible, in ci^cs of tlnrd-<Iogrce rcictions indolent ulcers and ireas 
of T-n\ skin 



I lo ns Tjg 09 

Fio Os —Chrome radiodorcnam»« before surcicnl inters eiilion 

Fio 09 —Same as Fie OS after etei ion of most of anerted area bj the late Dr 
GeorpeD Stp«art 



Til, 100 Tic 101 lie 102 

Fig 100 —Chronic radiudLitnatitis before plastic ojH-ration (Courtesj of Drs Blair 
Brown and Hamm ) 

Fig 101 —Same as Fig 100 after transference of ftrafl 

Fig 103 —Same as Figs 100 and lOI showingcnd result of plastic operation (Cour 
te 1 of Dr \ P Blair Dr J B Drown and Dr W G Hamm Badiologi 19 337 1932 ) 


Treatment of Sequelje —Pigmentation —The disappearance of freckles 
and diffuse pigmentation maj be hastened at times b\ a liquid or 
emulsion containing 2 grains of corrosiie mercuric chloride to the 
ounce 


I\— U>dtaTgjn cWondi corrosivi 
Gljcenni 

Tmetur® benzomi 
Emulsionis amygdals 
Misce 


er \j 
0 ] 
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The emulsion may be applied to the affected parts two oi three times 
daily At times an ointment or cream is more efficacious It may be 
applied at bedtime. 


Bismuthi suboxidum, "1 


Hydrargyri ammoniati / 

a.‘t 5 j 

Olei lavandulai 

nix 

'\.dipis lanai 

3ss 

Petiolati albi 

<1 s a'l ."iJ 


Misre 



Fig lOd Fig 104 

Fig lO'l — ChioiiK ladiodcini.ititis liefoie iilastic oiioi.ition (Coui tcsy of Dis lll.iii. 
13io\\n and Hamm ) 

Fig 104 — Same as Fip: 103 aftei plastic opciatioii (Couitesy of Di V F Blau. 
Di J B Bionn.mdUi W G Hamm, IladioIoKy, 19, 117,1012) 



1 IG 105 Radiodormatitis shonmg mdospread telangiectasia, o\cessne dryness 
and numerous keratoses 3 here was an area of ulceration at tlie wrist It w^excisec 
and skin-;<rafted (Prnate patient of Dr Fred Wise, operation perfoimed by Dr O A 
Porter ) 
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I It. 100 —A anti D Chronic radiodermntiti substjqtient to \ raj treatment of hiper 
tnehosis sixteen years prci louslj ( A lateral thoracic pedicle flap non encircles the 
neck being attached at either end D Final result of repair (Courtesj of Figi New 
and Dix Sure Gjnec and Obst 77 2S1 1943) 
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pressed firmly against the shin for purposes of dehematization, and an 
exposure of five seconds given. If the skin is not unduly sensitive the 
exposures are increased gradually to one and then to three minutes. 
Exposures of five and even ten minutes have been given but three 
minutes is the usual amount. This produces a bullous reaction that 
heals in from one to two v eeks. Treatments are given at intervals of 
from two to four weeks. Normal skin around small areas can be pro- 
tected by employing a quartz front-piece of suitable size or by using 
a piece of black cloth contaim'ng a hole of the right size. It is a good 
plan to begin with small doses (just enough to cause erythema) and 
increase cautiously. The results are not alwaj'S satisfactory. After 
the telangiectasia has disappeared there maj'^ be considerable atrophy 
and depigmentation, which was present before the ultraviolet treat- 
ment but which was hidden by the telangiectasia. Grenz rays have 
been used for the purpose but w^e believe that they are contraindicated. 
Thorium X, and radon, in water and in oil or grease, and radium pads 
have been used for telangiectasia, especially in Germany Excellent 
results have been claimed. These methods have not been fully eval- 
uated. 

At the best, telangiectasia is a very difficult condition to master and 
it is only by perseverance and the careful employment of the enumer- 
ated methods of treatment that even partial success can be attained. 
It can be camouflaged by various preparations for this purpose that 
are now on the market. 

Atrophy.— There is little if anj’^thing that can be done for this sequela, 
Rarelj'^ there is spontaneous improvement. Persistent massage may 
accomplish some good. 

Dry Dry skin is due in part at least to lessened activity of the 

coil glands and sebaceous glands. Unless these appendages have been 
totally destroyed there is likely to be some regeneration. The treat- 
ment for such skin is protection from the cold and the free application 
of oily emulsions, creams and ointments 

Ahpecta — There is no successful treatment for tr-ray alopecia 
Wigs, of course, can be used. ... 

Keratoses . — The treatment of a:-ray keratoses and x-ray cancer wil 
be found in the chapters dealing with these conditions. Small super- 
ficial keratoses can be destroyed with electrodesiccation under loca 
procaine anesthesia, __ , 

Summation and General Advice. — Chronic radiodermatitis (x-ray sion, 
radium skin) because of the sequelae enumerated above is disfigunng, 
especially on the exposed parts, and, of more importance, it is dangerous 
Cancer incidence in such skin is high. The percentage incidence is 
about 25 or .30. ^^^^ile chronic radiodermatitis of severe type is more 
prone to eventuate in cancer than is that of mild degree, yet manj 
severe cases never become malignant, while some mild cases do deve op 
malignan(^. Specific treatment for the various defects or^ seque ae 
is given in this and other chapters. Excellent judgment is neces- 
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s-in for the immcement of x n\ skin Some patients arc philo- 
sophic, e\en indifferent, others are badh frightened Each case 
must be judged b\ itself Siirgcr\ isindicattd ^\lien there is the slight- 
est suspicion of beginning nialignanc\, or when there is recurrent 
ulcer ition, or nnn\ keratoses but 5urgcr\ is not neces':ar\ fore%er\ 
case If the skin is beha\ing rtasonabh uell and the patient does not 
desire surger\ for esthetic reasons, ornhen c\tensi\ e areas are in\ ob ed, 
or the location la unfn\orabIe for siirger\, all that is necessar\ is for 
the plnsician to inspect the skin at regular inter\als— at least once 
^carl^ Tills periodic inspection is important and should be continued 
throughout tlie life of the patient If, at an\ time, a suspicious area 
should de\elop, the particular area should be adequatcl> treated b\ 
modern coinentional cstablisheil methods 
^^c ha\c been \\ itching i large number of such patients for inan\ 
\ears Mam of them arc ibic to camouflage the disfigurement sit- 
isfactorib Mith i\tll known preparations for this purpose that are on 
the market 
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As-ociate Professor of Dcrmatolojo Majo Foundation for Medical Education and 
Re earch Graduate School Unucrsitj of Minnesota Rochester Minn 

\Vi histopathologic studies h'i\ e been nnde of itutc 'ind chronic 
roentgen derm'ititis nnd ridmm dermatitis,* and also of 

the effects of grenz ra\s and thorium \ Correlation of pathologic 
liistochemical, chemical, and ph\sical studies ha\e been carried out in 
man\ instances both on man and experimental animals ** i -i s ss s: 
There still remain a feu facts that arc disputed and findings that con- 
tradict one another '* ” Space docs not permit detailed discussion of 
these contro\ crsial mgtvs, thej are re\icucd in articles m Jadassohn’s 
Handbiicid* *" * ** and also m text books on histopathologv of the 
skin “ ” ^Ian\ of the older articles in the literature are difficult 
to e^aluate in terms of modern dosage m roentgens Also in Inan^ 
of tho^o articles distinction was not made among the tspes of radiation 
emplo\ed, whetlier soft, hard or mexed, nor were tlie effects of secon- 
darj radiation from screening, and so fortli, eialuated In reports of 
obsenations based on irradiation of animals, often there is failure to 
recognize that histopathologic changes, especnlK m the epidermis, 
maj not concur with those of human skin Thus, Ellinger empha- 
sized that the skin of rabbits has two and a Jnlf times the tolerance 
to X ra\s that is possessed human skin The so-called erythema 
dose, as employed bj dermatologists in this countia, represents much 
less m roentgens than the old erythema do'^e used in Europe ** The 
accurate anahsis of an erjthema dose bj spectrophotometnc studies 
as contrasted with usual estimation of er\thema is too complex for 
practical use It is ob\ious that histopathologic changes seen fol 
lowing an erythema dose as compared with the ulceration which ma\ 
follow greater doses, will \ar> considerably, no matter what tvpe of 
radiation is employed This applies chiefly to the acute effects of 
irradiation The following obser\ations are gnen on the basis of the 
re\ lew of the literature together with mx own obsen ations, mcludmg 
an unpublished studx of the histopathologic changes in 2 cases of 
acute and m 63 cases of chronic mdium dermatitis and roentgen rax 
dermatitis made b^ me 

At the risk of repetition certain other fundamental facts must be 
kept in mind With infrared raxs sunlight and eien with ultra- 
xioletrays thepnmarx effects on the skm are tho'^e of heat as empha- 
sized by Miescher,3* although anx or all of these methods of irradia- 
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tion was seen after treatment with 9 kilovolts than with 13 kilovolts, 
which IS to be explained by the fact that in the former more of the rays 
affect the epidermis. Erythema resulting from grenz rays appears 
within one or two days after relatively small dosage but epilation and 
destruction of hair follicles result only from many times the erythema 
dose The erythema from grenz rays occurs in cycles similar to those 
described by Miescher^^ m relation to ordinary roentgen rays Mil- 
bradt expressed the belief that the histopathologic changes following 
treatment wnth therapeutic doses of grenz rays more closely simulate 
those caused bj" ultraviolet rays than those caused by a;-rays of usual 
wave length, m that the epidermis is chiefly affected, even though 
there is no tendency towards formation of vesicles such as is seen in 
dermatitis from irradiation with ultraviolet radiation Rottmann 
found sweat glands affected m grenz-ray dermatitis only after intensive 
treatment The deeper bloodvessels m the cutis, however, are often 
affected and changes in the cutis and pigmentation m the epidermis 
may be seen only three months after all treatment has been stopped 
Rottmann, Herxlieimer and Uhlmann, Pohle and Bunting,^^-^® the 
latter on the basis also of studies of capillaries, all regard the histo- 
pathologic changes following grenz irradiation to be similar to those 
of dermatitis caused by .T-rays of usual wave length Bucky acknowl- 
edged that histopathologic changes in the bloodvessels in the cutis 
may occur after grenz-ray therapy and may be demonstrated years 
later 

It is apparent, then, that the histopathologic changes following mild 
irradiation with 9 kilovolts are confined chiefly to the epidermis and 
simulate those induced by ultraviolet radiation, whereas dermatitis 
follovnng treatment with 13 kilovolts or following more intensive 
dosage with 9 kilovolts, results in permanent changes in the structure 
of the cutis, including thickening of the cutis and obliterative changes 
in the vessels which may be indistinguishable from those seen in 
radiodermatitis caused by shorter wave lengths Histopathologic 
studies of grenz-ray dermatitis simply confirm, therefore, the recent 
clinical observations that grenz rays in moderate doses are relatively 
harmless but that excessive doses may result m telangiectasia^ and 
ulceration entirely similar in their pathologic aspects to those seen in 
ordinarj^ chronic radiodermatitis, one may even anticipate, m the 
future, reports of malignant changes 

Histopathologic changes following thorium X dermatitis were 
oughly studied by Lomholt, who found edematous changes in the 
epidermis, areas of cellular necrosis and increase in connective tissue 
and in fibroblasts The inflammatory reaction about the bloodvesse s 
was similar to that seen m roentgen dermatitis, but the changes in 
the cutis were less marked Kuznitzky and Jacoby^® expressed the 
belief that the changes in the vessels are secondary to toxic subst^ces 
rather than to direct action of the rays The effects of thorium A on 
the skin are probably comparable to those caused by grenz rays. 
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ACUTE RADIODERMATITIS 

Mim of the older i5\stcm*>tic histologic studies m regard to radio- 
derinatitis were made on small animals Colwell and Russ® reviewed 
the work thoroughlv up to 1924 Recent studies of acute radium 
dermatitis apparenth ln\e been coiiBned to observations on animals 
but the effects reported so closelv parallel tliose of acute roentgen 
dermatitis affecting human beings and animals that it is scarcely 
neces'sarv to consider radium dermatitis separatclv The onlv excep- 
tion IS radium dermatitis following unfiltered application of radium 
to the skin The alpha and soft beta ra\s, acting primanl' on the 
epidermis mav result in superficial ulcerations which heal promptly 
Rost* emphasized that there is no essential difference between the 
histopathologic picture resulting from application of hard and filtered 
roentgen ravs and soft and unfiltcred roentgen ravs and that the skin 
does not have an increased tolerance to filtered ravs It is important 
to bear m mind the varving sensitivitv of different structures m the 
skin Thus, Borak found the lethal dose for the sebaceous glands to 
be 1200 r for the liair follicle 1000 r, for the epidermis, 2000 r, and 
for the sweat glands, 2500 r he found that severe damage to sweat 
glands and to bloodvessels parallel one another and that little per- 
manent damage results to either witli milder irradiation It is well 
known that the basal laver of tlic epidermis and of the hair papillie 
IS •sensitive to irradiation Irradiation, however affects all the cells 
m the skm m v arv ing degrees the effect of the rav s apparently is on 
the nuclei and results m changes m the viability of the cells and in 
their powers of reproduction * * 

Miescher*’ has made an exhaustive studv on man of the effects of 
roentgen ravs using an ervtheraa dose of varving mtensitv with mild 
filtration 

The followang w ere the factors Coolidgc tube 25 cm pomt gap, 2 miUi 
amperes 1 mm aluminum filter 24 era skm distance, skin of anldes upper 
arm, back, or breast were used exposures of twenty thirty and thirty fi\e 
minutes were given Miescher desenbed three cydes of erythema with a 
wave occurring between the first and fourth days a second between the eighth 
and twenty «econd day®, a third between the thirty fourth and fifty first days 
with a great variation m different indi\iduals between the shghtest visible 
er\tbcma and development of ulceration His findings have been confirmed 
in studies of capillaries made by Pohle” ** and most recently by Hams, Leddy 
and feheard>» using spectropboto-analysia of the color of the skm following 
irradiation by roentgen ray s The later observ ers failed to find it as mtensiv e 
a reaction with the third w av e as in the first tw o w av es also they determined 
that tile pigmentation of the skin follows a course independent of the course 
of the ery thema Zurhelle^ ’ found m studies of animals similar cy cles of 
radium erythema with histopathologic clianges paralleling tliose described by 
Miesc-her m studies of human bein^ 

In the first cycle Miescher found only slight changes m the epidermis 
including occasional mitosis in contrast to definite infiltration of the cutis 
which appeared tw enty four hours after irradiation There was a penv ascular 
infiltration of round cells dilatation of the superficial vessels and interstitial 
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infiltration of the hair follicles with polymorphonuclear leukocytes. Tlie 
sweat glands particularly weie surrounded by more or less rich infiltration of 
poljnnorphonuclear leukocjdies and lymphocytes. In the following days the 
mflaunnation disappeared, with the erythema and the morphologic appear- 
ance approaching normal. Occasionally there was a little evidence of pig- 
mentaiy activit}’^ m the basal-cell layei. hliescher found that wnth the 
appeaiance of the second cycle, between the tenth and twentieth da3’-s, charac- 
teristic changes occur in the epidennis, these consist especiallj^ of the formation 
of multinucleated cells Theie maj’- be shedding of the stratum corneuin, 
occasionallj^ areas of parakeratosis are seen. Inflammation of the cutis is 
mild In the tinrd cycle the intercellular spaces of the epidennis become 
widened, the cells swollen, there is marked colliquative Oiquefaction) necrosis 
of the basal-cell laj'ei , with more intensive irradiation, in the epidermal cells 
there aie marked pvknosis and amitotic cell division, together nath degenera- 
tion m the form of lij'diopic swelling, to the jiomt of their becoming unrecog- 
nizable Thmnmg of the epidennis and flattening of the rete ridges are 
frequentljT seen Tliere is slight to marked edema of the fibroblasts and en- 
dothelial cells, together with amitotic cell division, the latter resulting in 
multinucleated fibroblasts, endothelial cells, muscle cells and even fat cells 
Occasionallj'^ the second and thud c3mles merge together, in which case the 
second C3'cle assumes the characteristics of the third C3mle There nia3'^ be_a 
definite increase in fibrous tissue but no appreciable changes are to be seen in 
the elastic tissue 

jNIiescber emphasized that the abiht.v of tlic epithelial cells to 
become multinucleated is of pathologic significance, that tlie multi- 
nucleation resembles that seen in precanccrous and cai cinomatous 
processes, so that the histopathologic changes in the epidermis in the 
third cycle of loentgen dermatitis may be indistinguishable fioin the 
picture of Bowen’s disease or of senile keiatosis. Multinucleated cells 
in the cutis are of less significance, as tlie.v 11133'^ be encountered in ani' 
granulation tissue The epidermis, after tlie end of the acute reac- 
tion, lemains ati opine, or it 0103'^ be thickened or In’perkeiatotic, for 
a shorter 01 longer time and the same is true m regard to increase in 
pigmentation. Some montlis, or perhaps a 3'ear or more after irradia- 
tion, eindence of cellular damage is found m the cutis, witli tlnckening 
of the blood\ essels, obliteration of their lumens and degenerative 
changes 111 connective tissue and muscles Miescher disagieed with 
Gassmann, who found piimaiy lyperplasia of tlie endothelial cells, 
Miescher found that this occurred' onl3'’ in tlie end stage of the third 
C3mle 

The t3’^pical histopathologic pictuie of acute radiodermatitis of the chest 
of ten davs' duiation, conesponding to Miescher’s second C3^cle, or wave, 1 
shown m Fig 109 Theie is definite edema m the upper cutis, i otir 
flattening of the epidermis, loss of the rete ridges and separation of the 
tissue fiom the epidennis Coi responding to the observations of others, 

in contiast to Miescher’s findings, there is definite homogenization 0 1 

connective tissue and earb’' edema of the endothelial cells of the smaller vessc s 
In some of the vessels of the deepei cutis and of the subcutaneous tissues 1 
were proliferation and fibiotic changes of the intima The edema 0 1 

upper cutis probabb'- is to be explained on the basis of disturbance 01 w 
balance In one area, about a sweat duct, there was rather marked multi , 

composed chiefly of lymphocytes and polymorphonuclear leukocytes ana 
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1 — J L Chronic radiodortn'ttitH liouinR tclinRucti la iixl rilccration Total of 
1 i n\ tmtmenla lO^s to ISMO for pruntUH am ^kin craft o\pr coerax in l^U 
bi.eau'c ff ulceration winch soon reriirrrU Plastic operation lu 1914 Micro ropic 
^ammitiuii howcil chronic mdioilcnnatitH and ba al cell epithelioma Conrte y 
Departmeiu of Dtrmatolofty Majo Clinic 

D ~G T Chronic radiodcrmstitis showing tclantacta la kerato os nncl multiple 
tilcers Micro ropic examination in addition to ra liwiermatitii naealed miilticentric 
prickle cell epithelioma Rrade 4 A large number of filtered r ray treatment lerc 
Eiven V>etween lJ3r and 1039 for » suppo cd roalijinant lymphoma of tlie lung 
V ourte \ Department of DcrmatoloRj MajoCbnic 
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-1 — t II Cl ronic nilioikrniatitK the re ult of removal nf fnrciRU bodies with 
aid of arrajs, m 1943 Ulror is cohered with *1 jellow adliercnt slough General 
pathologist reported inflammation Dr Hamilton MontRonjerj made the correct hi to 
logic diagiij H of chronic radiod rmatitis Courtesy Department of Dermatology 
Mayo Clinic 

B — II \ O Radio-epidermitis on twenty first day of fractionated * ray treatment 

con I ting rf 75 r twace daily filtered ridiition with 200 kiloaolt —total 3 200 r m 
air CliimalH there is dull red erythemx edema and de quarn ition The In to- 
patliolog\ of this case is ai\en in the cliapter on pathologic histology of radiodermatitis 
by Dr Hamilton Montgomery Courtesy Department of Dermatology Mayo Clinic 
C — J P Radio-cpidermitis showing ero ion surrounded by some telangi 

ectasia and atrophy Between June 12 and July S 1910 patient receued 19 frac 
tionated filtcrc J r ray treatm nt PhotOKraph was taken J months later (October 10 
1940) Dngno IS confirmed 1 > hi tologic examination Courtesy Dtpirtment of Dcr 
matflogs Mayo Clinic 
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eo«inopliil Tiie sebiccoii*! glantK in tins one ca^e apparently remained 
unaffcctod In Fig 110 (specimen b\ courtes% of Dr Ircd ^^eldman) la 
‘iliottn the elToct of tno weeks after filttrod irradiation of a ne\iis In this 



Fig 109 — A Veute radiodermatitis of cbest of ten tlajs duration Edema and 
rarefaction of connectne tissue beneath epidurmia telan^cctasia homogenization of 
connectne tissue about hair follicle peri\aacu]ar infiltrate about sweat glands lack of 
destruction of sebaceous gland (X 35) B riattenmg of epidermis through edema and 
aepatalion of elastic tissue tvhicb is still preserved (X 70) C Same changes also 
perivascular leukocytic infiltrate and increase of endothelial cells (X 125) 
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result of edema. In the cutis the capillaries ^vere sv/ollen and so r/ere 
the feed connec-tive tissue cells. W ood illu.strated edematous changes 
m the larger vessels in the cutis three days after three erythema doses 
of roentgen ra^Ss had been given. 

descriptions may be added the not infrequent occurrence 
01 inhltrate about the cutaneous nerves; the early disintegration of 
the Iipoid cells in the sebaceous glands was emphasized bv Halber- 
staedter. Edematous tfj atrophic changes in the hair foflicles and 
s/.eat glands are seen after intensive irradiation. 

^^*hen intensi\e dosage results in acute ulceration there Is a region 
oi necrosi: containing serum, disintegrated collagen and clastic fibers, 
an mbltrate composed chiefly of polymorj^honuclear leukocytes, and 
a apmg degree of destruction of the epidermal appendages, llie 
depth of the necrosis, in turn, is dependent on the intensity' of the 
irradiation. 3Iiescher has shov,n that when epithelium regenerates 
o. er an area vrhere ulceration has resulted from acute radioderrnatitL, 
the epidermis Usually is thickened and hyperkeratotic and no longer 
contains multinucleated cells. 

Epitbelitis and Epidenmtis. — These terms with or %vithout the 
prefi.^ radio have been applied fe cutaneous and deeper reactions 
^sociated with protracted fractional irradiation of either cutaneous or 
mtemal malignant lesions according to the principles outlined by 
..outard. iTe clinical aspects of epithelitis and epidermitls are con- 
siders in Chapter XXIL In my exptu-ience and also that of other 
ph^*sicians in the Clinic and elsevchere v/ith whom I have talked. 
cpitheHtls and epidermitls frequently result in telangiectasia, atrophy, 
and. at times, ulceration of the skin, and are not necessarily transitoi^c, 
beni^ reactions as many vTiters would maintain. Friedman and 
Rosh-^- described a rhythm of irradiation effects somewhat similar to 
cycles of ei^ctheraa observer! by 3Jiescher in cases in which acute 
j adiodermatitls lollowed single er^'therna dosCS of roentgen rays of 
* arj Ing intensity. Thus, with the tv'pe of filtered irradiation usually 
e.mp]o,. ed, epithelitis developed about the tenth day and epidennitis 
cegan on the slcteenth day and reached a second-degree intensity' 
around the thirt^i'-second day. The time factor for tbe-e reactions. 
no c, er. varied with the tr.-pe and intensity of irradiation employed. 

^ -.according to BoraE^- if single daily doses are limited to 100. 200 or 
C ^'langieetasia developed even after a total dosC of 4800 r. 
lni.s Ls contraw.' to our oq^erience at the Clinic as v/e have seen telangi- 


i-j OI r eaen ana applied to each side oi the nec.c 

carcinoma oi the law.'nx In this case, a q>eelmen of the skin of the 
neew ^ken one and a half years after roentgen therapy re'/ealed a 
topical o Is /.ologie picture of chronic radioderraatitls with atrophy oi 
<...e epidermis and dermal appendages, fibrosis, and obliterative 
ciianges in ibe vessels. There had been no recurrence of the carcinoma. 
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I recenth saw another patient, who, a jear preaiousK, had been 
treated elsewhere for carcinoma of the lirmar} bladder He receired 
dailv doses of 200 hilor olts of filtered irradiation tor one month, or a 
total dose of 3000 r to each of two fields directed to the anterior wall 
of the bladder On the subsequent seientcen dais i total of 2940 r 
was applied through two posterior fields IMien the patient w is 



Flo in -Epidcrmitis of skm of neck on twentj first day of fractional r twice 
daily filtered roentgen raj irradiation with 200 kilovolts (total t 200 r in air to each «ide 
of neck) Ki\cn for carcinocaa of the larjnx rl RelaU'e hyperkeratosis atrophy of 
epidermis and hair follicle liquefaction degeneration of basil cell layer absence of 
sebaceous glands and dilatation of capillaries (as m Fig lIO ,il) also thickened throm 
hosed \es«el at X (X GO) B ^ame lesion deep m cutis Small blood ^essel at X 
with edema of its walls and proliferation of endothelium and large vessel just beneath 
with similar but evtensne degenerative changes (X 170) 

ex^mmcd m the Clinic there w as no e\ idence of tumor of the bladder 
on ctstoscopic examination The patient had a Grade 1 radio- 
dermatitis of the lotter part of the abdomen and a deep Grade 3 
ulceration in the satral region oxer the cocc\x between the gluteal 
folds A specimen of the ulcer revealed a sev ere chronic radiodermatitis 
with marked acanthosis but no defimte malignant change In the 
latter case however the seventj of the dermatitis suggested that 
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there may have been a fault in some arrangement of the fields, for 
example, overlapping. 

It is unfortunate that relatively few histopathologic studies have 
been made of the cutaneous reactions resulting from dailj' irradiation 
a la Coutard. Borak stated that atrophy of the epidermis with loss 
of papillary' bodies is a sequel to epidermitis but that the deeper vessels 
are not involved as in other methods of treatment. It is difficult, 
however, to explain radiodermatitis accompanied by ulceration with- 
out accepting that the deeper vessels in the cutis are injured by this 
n-pe of irradiation (see Fig. 111). 

Summary.— The histopathologic changes m acute radiodennatitis 
may be summarized as follows; Within forb'-eight hours, in the 
epidermis, are definite changes which become more marked in the 
second and third cycles of erj'thema and van,' greatly according to 
the degree of reaction. There are increase in shedding of the stratum 
comeum; occasionally parakeratosis and also increase in the stratum 
granulosum; edema and vacuolization of the prickle cells; a var;\'ing 
degree of amitotic cell division; liquefaction necrosis of the basal-cell 
layer; spotted, increased pigmentaiw' acti^•ity of the basal cells and 
also deposit of melanin in the chromatophores in the cutis at the per- 
iphen* of the process. The epidermis is frequently atrophic and 
^ttened by edema and rarefaction of the connective tissue in the 
upper parts of the cutis. The papillary bodies and rete ridges thus 
may be obliterated. Telangiectasia is a common, almost a constant, 
finding. A var^'ing degree of infiltrate is seen throughout the cutis 
and especially about the hair follicles and sweat glands The degree 
of infiltrate varies in relation to the cycles of erjdhema. Early degen- 
erative changes are seen in the sebaceous glands, less frequently of 
the hair follicles and sweat glands By the time of the third cycle, or 
wave, definite proliferative changes can be seen, especially of the 
intima of the smaller bloodvessels. Edematous and proliferative 
changes in the walls of the vessels in the cutis are sometimes encoun- 
tered, even as early as the third to the fifth day after iiradiation. 
The elastic tissue may be frayed and qilintered but as a rule it remains 
unaltered in amount or arrangement. It is not clear whether changes 
in the collagen fibers precede changes in the epidermis- Apparent } 
alterations in the connec-tive tissue may not appear until months alter 
the irradiation has been given. When ulceration occurs there is 
necrosis of all parts of the afi*ected skin- Pigmentation results m 
var.-mg degree but usually is more marked at the peripheri' of the 
region of radiodennatitis. Healing may take 'place so^ that, t ree 
years after first-degree radiodennatitis, histologic examination 
be entirely negative or there may be histologic and clinical evidence 
of telangiectasia or of atrophy, or both, associated with atrophic to 
bj-perkeratotic changes in the epidermis. Conversely, pennanent 
changes in the cutis, including telangiectasia and thickening an 
obliterative changes in the deeper vessels, may first become mamlest. 



Chronic Radiodermatitis (Same as Fig 114) 

connecCne ti hc sfaimnp jcMon contrisfwl nith older reJ « famine 
hotnocemzed fibrous strantl Exicn «»e fibrous replacement of intim'i media and 
adi eniitia of lirce thickened \c cl A an Gie on stain ( X Ss) 
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either dmicalh or pathologicalK, several \ears after irradiation 
These changes ma\ progre'^s and result in chronic ulceration and ma\ 
e\entuate inan\ jears hter in keratosis or malignant clnnge 
Epithehtis and epidermitis which occur after protracted fractional 
irradiation asemplo\cd in the treatment of neoplasms are not alwa\s 
benign reactions but maa result in a araing degrees of acute and chronic 
radiodennatitis 


CHRONIC RADIODERMATITIS 

The histopathologic picture of chronic radiodermatitis is funda 
mental!} the same, wliether it is the result of single or of multiple 
do^-cb of filtered or of unfihertd roentgen ravs or radium ra\s or 
whether it is tlie result of diagnostic procedures, including roentgen- 
oscop\ The histologic picture a anes w rtU the sc\ ent} of the reaction 
and the duration of the process, it also depends on whether keratosis 
or malignant change has de\ eloped m the region of the radiodermatitis 
Tliesc degrees of change from mild, residual otroph\, telangiectasia 
and pigmentation to keratosis and severe third degree ulceration, with 
or without malignant changes, are best illustrated m ligs 112 to 122 
and riates III and IV The fundamental pathologic change in chronic 
radiodermatitis is tliat of fibrotic tinckening of the w alls of the v essels 
in the deeper portions of tlie cutis, with varying degrees of occlusive 
changes in the lumens of these vessels As a rule, the size of the 
region of ulceration, when ulceration is present will be dependent on 
the extent and deptli of involvement of the underlving bloodvessels 
We shall describe the various changes in the epidermis and cutis, 
leaving until later discussion ol malignant changes In manv of the 
63 cases of chronic radiodermatitis recentlv studied, stains for lipoids 
mucin and htmosidenn gave essentiallv negative results Acknowl- 
edgment must be made especiall} of Wolbach’s^®^ detailed observa- 
tions regarding changes in the connective tissue Histopathologic 
Studies apparentl} hav e not been made m regard to changes m the nails 
In chronic radiodermatitis there is usualh livperkeratosis and 
increase in the stratum granulosum together with thickening of the 
pnckle cell laver, usually without changes m the normal appearance 
or arrangement of the cells (Figs 112 to 114 and Plate III ) KeJativeh 
little edema is to be seen At the edge of an area of ulceration there 
raav be increa<5ed thickening of the epidermis (I ig 112 A) or marked 
thinning Pseudo-epithehomatoushvperplasia of the epidermis which 
freqiientlv is seen at the edge of manj tvpes of ulcers, is rarelv encoun 
tered m chronic radiodermatitis Increase m melanin pigmentation 
m the basal and dendritic cells of the epidermis occasioncallj mav be 
seen in spotted areas presumabh representing areas unaffected hj 
the irradiation, but frequentlj this pigmentation is ab'tent In the 
end stages of reactions which clmicalh are of the first degree, the 
epidermis is flattened and atrophied, with loss of the rete ridges There 
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is pyknosis of some of the basal cells, many of which contain varying 
amounts of melanin pigment. (Figs. 116 and 117, B) , 

.Just beneath the epidermis, where atrophy has not occurred, papil- 
lary bodies may be almost completely filled by large, dilated lymphatic 
structures with capillary vessels. (Figs 114 and 117, yl.) \^o]bach 
emphasized that regeneration of the epidermis may extend beneath 
thrombosed telangiectatic capillaries oi beneath small areas of necrotic 
conum, so that the telangiectatic tissue may become completely sepa- 



Fig 112 — A.Chionu.radiodermalitib.trealincnlforeiKiaeenTnontWor^ 

inato=u“, ulceration three months later Benign tlnckening „ jnarked occlurive 

ulceration Increase in elastic tissue in some area“, decrease (X 31) F, 

changes in blood- ve-sels Cutaneous nerve at x • Aci UTveat glands and 

Chronic radiodcrmatitis Occlusive changes m vcFsels, atri^ny ^ 
homogenization of connectiv'e ti‘-sue and nerv'e at x • 

rated from the skin by the layer of regenerative ;t is 

persist for a time as a dry, dark-colored spot, a coa p > g^j-ies of 
cast off. We observed this phenomenon m only wo varying 

cases (Fig 120), although in many of the cases ere , in 

degree of dilatation of the superficial bloodvesse s a „ varying 
the papillary bodies of the upper cutis. M the spaces, 

degree of lymphedema just beneath the ,p, results 

are also found. (Figs 117, A, to 121 and Plate IV .)^ fl„+fpnine of the 
in rarefaction of the collagen fibers and at times m 




T keratosis of hand at left side early squamous cell epithelioma Grade 1 i txi t sho 
>11 keratinizatlon homogenization of connective tissue basophilic staining of elastic and colli 
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epidermis from cdemi similir to tint seen in icute radiodermititis 
(1 ig IIG) In one irca of roentgen dermititis of t^^ent^ fi\e ^e'l^s 
duration there \\cre hrge superficnl \es*^ls Inng just beneath the 
epidermis, the walls of whicli appeared to be made up of haalinized 
fibrous tissue, lacking in nuclei or other signs of \ iabilit\ and beneath 
the hjnlinizcd fibrous tissue there was first a Ioo«c areolar connectue 
tissue and then a dense area of homogenized collagen fibers with no 
c\idence of cellular acti\it\ (lig 117 1) \\ olbach expressed the 



Fig 113 — 4 Chronic radimlcrmaOtn of breast ten months duration Vtrophj of 
dermal appendages homogenized arreetore^ pilorum mu des urrounded bj swollen 
and clumred fragmented elastic fibers Normal clastic ti sue strands in upper cutis 
(X 100) a Similar ca e Krophy of epidermis \acuohza<ion of muscle bundles 
spotted increase m elastic ti ue (X 85) 


belief that the epidermis tends to migrate dow n into areas of edematous 
and rarefied collagen fibers 

If the \ ascular changes are followed further the dilated telangiectatic 
\essels usualh can be seen to arise from existing capillaries and from 
vessels deeper in the cutis which latter mav or mav not gne evidence 
of obliterativ e changes in their lumens Dependent on the sev eritv of 
the process more superficial and deeper vessels respectivelv are affected 
in varying degrees and number *1116 various changes in the vessels 
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Fig 114 — Chionic radiodermatitis, single roentgen treatment fifteen mon * 
for psoriasis of hand, follo\sed in ten days by exfoliation and ulceration nc 
Gitterfasern m pars papillaris and beti\een younger lighter staining conncc iv 
fibers, also in nerve bundle at "x”, remnants of sweat glands, 
containing many fine Gitterfasern resembling elastic fibers Maersch- ic s 
stain (X 45) 
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are illustrated m Figs 112 to 122 and Plates III and H It is scarcel\ 
accurate to speak of ‘ oblitcrati\e endarteritis” or “cndophlebitis” 
because all the Ia\ ers of the alls of the ^ essels arc in\ oh ed essentialK 
in a process of replacement h\ fibrous tissue vith resultant marked 
thickening of the media and adicntitia, as well as of the intima The 
endothelium often is composed of swollen and lacuohtcd celh which 
frequenth form tufts of cells projecting into the lumen (1 ig llo ) 
The replacement of mu'^culaturo of the coats of the \cssels h\ collagen 
fibrous tissue and b^ Gitterfisem, which latter according to recent 
iniestigators are probabh aarieties of \oung conncctiic tissue fibers, 
although resembling elastic fibers in niniu ^t^pocts are best shown in 
I igs 114, 115, P, and Plate III, all reprcbcnting the «ame case and in 
Fig 122, C The elastic tissue in the walls of tlie \esscls ma\ be 
destro^ed especialh that m the adaentitia and media but it iisualh 
is prcber\ed and almost alwaas there is a permanent ring of normal to 
swollen and curled elastic tissue fibers remaining in the intinia making 
it easj to recognize the altered hloodcessels with tlic aid of \arious 
elastic tissue stains Tlic e\tensi\e fibrous replacement of the intima 
media and achentitia helps to distinguish the ^ascllIa^ cliangcs in 
chronic radiodermatitis from those seen in occlusne \asciilar diseases, 
especialK of the extremities Furthermore, tliere is usualK marked 
or e\en complete, absence of iiillammator\ reaction about the \cssels, 
the exception being aessols occurring in a zone of ulceration and 
necrosis and adjacent to a region of malignant cliange Iruc throm- 
bosis and recanalization of \cssels is an infrequent finding, the occlu- 
sion usually results gradualh through fibrous replacement of the 
mtima and through proliferation of endothelial cells 
Changes in connects c tissue predominate and justh haye been 
emphasized by Wolbach In chronic radiodermatitis m contrast to 
acute radiodermatitis, there is less new formation of fibrous tissue 
witli increase in fibroblasts and nuclei The collagen, except just 
beneath the epidermis, presents a homogenized and liy ahn-like appear- 
ance, as a rule the cells do not have many nuclei and inflammatory 
infiltrate IS lacking (Tig 117 and Plate 111 ) The normal arrangement 
of the collagen bundles may be broken up and they may appear frag- 
mented and irregularly arranged (Fig 115,^) There is yery definite 
increase in thickness of the entire cutis Occasionally connectiye tissue 
cells with yery large or multiple nuclei are encountered (Fig 117 B), 
others, of which the nuclei are small, may be difficult to distinguish 
from endothelial cells without special staining In third degree radio- 
dermatitis atrophy of the fat cells and subcutaneous tissues is seen 
associated yyitb increase in intcrceptal bundles of fibrous tissue 

(Fig 118 C) With Maersch Bitlschowsky stain Gitterfasern frequently 

are seen to be increased throughout the cutis and subcutaneous tissue, 
especially adjacent to bloodcessels and yyhere there is eyidence of 
formation of young connective tissue (Figs 114 and 122 C) 
Cutaneous nerves vary greatly m size, depending on the site from 
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which the specimen for biopsy is taken. Occasionally there is an 
infiltrate of lymphocytes about them; more frequently there are 
inci eases in connective tissue and Gitterfasern in the nerve bundles 



Fig 115 — A, Chi onic radium dermatitis neai groin and siicnt 

tion of collagen and loss of elastic tissue, except about atrophied hair ° roentgen 

glands and m thickened walls of blood-xessel in deep cutis (X 45) , „j ^,alls of 

dermatitis (same case as Fig 114 and Plate III) Elastic tissue in gj gdcrotic 

occluded vessel, absent in small vessel, nerve bundle at “ x” and in nom g 
tissue Elastin H stain (X 48) 
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(Ftgs 114 iiul 123) U tiints edemitons 'ind fibrotic cljange:> nre 
«een resulting in an apparent incrca’?e in size (I igs 113 B, 115,5, 
and 123 C) Ilistopatliologit studies uitli present methods of stain- 
ing do not, Iio\\e\tr, afford ana explanation for tlie pain associated 
u ith main casts of clironic radiodermatitis In sea ere ca'^es of chronic 
radiodermatitis there ma\ be complete destruction and absence of 
main ner\e bundles 

Ihe dermal appendages are affettetl in \arMng degrees, depending 
on tlie ‘'e\erit\ of the jirocess Except in mild reactions of the first 
degree the ‘sebaceous glands art completed destro\ed and the same is 
true of the hair follicles, although nidiincntar\ remnants ma\ be seen 
surrounded bj a zone composed of fibrous tissue and at tunes of 
Gitterf isern and clastic fillers (1 ig IIG J ) The sueat ducts, and 
more particularb the sucat glands, are dcst^o^td onI\ b^ severe, third 
degree mjiirv , in fact their tbaiigcs parallel the destructne changes 
seen in tlie deeper vessels (Iig 112,5) Smooth muscles have been 
thought to be enlarged In milder degrees of dermatitis tliere is 
In alinization and In dropic degeneration rather than true hv pertrophv 
(tig 113) '\\itli reactions of more severe degree, destruction and 
absence of demonstrable arrettores pilorum muscles mav occur 

Much has been written about increase and decrease of clastic tissue 
fibers and about basophilic staining of elastic and collagen fibers It 
IS nn experience that the elastic tissue fibers arc rchtnelv unaltered 
m mild degrees of radiodermatitis, although there mav be fragmenta- 
tion and clumping of the fibers as the result of edema, and the swelling 
of tlie fibers gives tlie fal«e appearance of a real increase (Figs 113 
11(5 5 119 5) On tlic other hand in areas of recent replacement bj 
fibrous tissue there is apparentiv a definite attempt at new formation 
of fine, elastic fibers such as also has been reported bv Gans and take 
place in scleroderma and stria; cutis distcnsi (lig 113,5) \^lth 
more severe degrees of radiodermatitis there is a disappearance of the 
elastic tissue fibers m papillnrv bodies and throughout most of the 
areas of homogenized conneetjv c tissue together w ith a v arv mg degree 
of preservation or destruction of elastic fibers m the walls of the blood 
vessels (Figs 112 m 110 5) 

Basophilic staining of collagen fibers and merging of collagen and 
elastic tissue mav result and the two tvpes of tissue mav be indistin- 
guishable one from the other (Figs 113,5 and 119,5) The stain- 
ing of elastic tissue fibers with ordinarv hematoxv hn-^osm preparations 
IS a phenomenon frequentlv encountered in association with all degrees 
of radiodermatitis involving the exposed surfaces (Plate IV ) These 
changes are not characteristic of radiodermatitis but are commonK 
seen in so called senile skin including sailors’ or farmers’ skm, and 
m lupus ervlhematosus occurring on areas of the bodv exposed to 
light and the elements \either in lupus ervthematosus nor m mj 
recent senes of 63 cases of clironic radiodermatitis were basophilic 
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staining phenomena apparent in specimens for biopsy taken from 
aieas protected from tlie sun and the other elements 
Chronic ulceration from radiodermatitis results in a superficial to 
deep zone of necrosis, containing serum and polymorphonuclear leuko- 
cytes; in this zone also are evident destruction of various appendages 


' u j *' f*" ^ ^ ' iP 
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Fig 116 —a, Mild chionio ladiodeiraatitis, ten m^chr^^ 

dermis, increase in melanin pigmentation ^ upper cutis with dilata- 

phores m cutis Edema and loose aieolar connective tissue^ PP tissue 

ol »perBo,.l lymphat.c. “C g"»» .“■« <>= ®'”" 

in mid-cutis Absence of inflammatory reaction 
lar changes showing preservation of elastic tissue (X 1 5) 
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■x;^d structure, m the cuti. ifTected At the bi^t of the zoJie of necrosis 
the bloodvessels will bt fouml to have undergone otcUisivc clnnges 
Rtnnins of elastic tissue fiUr. frequtntlv are seen in the necrotic mass 
(Iig IIS) 



Fio 117 — 1 Twentj fi\e roentgen trestmeats for eczema behind knee twentj fi\e 
years preMously Enormously dilated lymphatics and capillaries byalinized and 
homogenized connective tissue mmid cutis occluded vessel at \ absence of infiltrate 
and dermal appendages (X 30) B Roentgonand radium stai three > ears after irradia 
tion for carcinoma of the breast Atrophy and vacuolization and pigmentation of cells 
of epidermis homogenization of cutu aod multmurleated cells (X 195) 




2S4 pathologic histology of radiodbpmatitis 

There ]na> he feecoiidary infection and inflammatory reaction with 
which infiltrate, not only of polymorphonuclear leukocytes 




Ml. , 






Fig 118 —A, Chiomc ladiodeimatitis, filtcicd iiiadmtion foi uterine neoplasm, edge 
of chronic thiid-degiee ulcer on thigh, showing epithelial proliferation, dilatation oj 
vessels, fibiosis, and absoiue of dermal appendages (X 28) B, Remnan^ of elas ic 
tissue fibeis in neciotic ulcer, and laige, occluded Ijloodvessel (X 50) c/, Fat necrosis 

and fibrosis of subcutaneous tissue Elastin H stain (X 30) 
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EPITHEIJOMATOns CHANGES JN CHRONIC RADIODERMATITIS 

llcccntl\ 1 stu(l\ M as in ulcof 2')*>c ists of chronic ndiodcrin ititis ^ 
If one excludes the jiatients with injuries of the first degree (sunpb 
•itropln , tehngiectisn and pigmentation), in 19 per cent of tlie eases 
of cliromc radiodcrmatitis of the second and tliird degrees, squimous 
cell epithelioma dc\ eloped, the mahgnanc\ of the grow ths \ aried from 
Grade 1 to Grade 4 iliis pereentagt of epithehomatoiis change 
undoubtedh would lia\c been higher if the patients had been obsereed 
for more tlnn fi\e ^e^rs Epithelioma mai deielop as a sequel to 
ndiodtrm ititis as long is twente xcars after irradiation has been 
gi\ tn " Malignant change takes jilace most frequentl\ in relation to 
roentgen or radium kerato^iis but also frequcntlN it is seen originating 
in ulcers Sex traJ older artielcs in the literature cited a mortalita of 20 
to 25 per cent In 8 of 27 of in\ cises in which there were epitheho- 
matous changes squamous cclltpiththoinaof Grades? and 4x\ as found 
tins IS indicative of the fict that a ‘^erioiis prognosis must be offered 
in ininj cases of thronic radiodcnnatitis Ghormlcv and rairchild*® 
have reported similar findings Leddv and lligos reported tint 
cpithclionns occurred in 33 per cent of 115 ca‘>cs of ridiodermatitis 
in which the patients were phvsicnns 
Mention alreadv has been made of ninltiniiclcated epithelial cells 
and of indiv ulual cell ker itimzation resembling in epithelioma tn st/u 
occurring in association with acute ndioderinatitis Ihis however 
appears to be a reversible reaction as is also the reaction in the earlv 
stages of expcriinentailv produced roentgen keratosis and epithelioma 
and in far cancer of iniinals In chronic radiodermatitis over 

a period of vears areas of livpertrophv of the epidermis become more 
marked developing clinicallv into ker itosis and in these ireas are seen 
histologicallv , the phenomenon of individual cell keratinization, ami- 
totic and mitotic cell division and dxskenfosis, in other worels all the 
features of an epithelioma tn etiii (Figs 119 120 and Plate HO 
Ihere is usinllv a sharp line of demarcation between the basophilic- 
staming hvperplastic epidermis and the eosin acidophilic staining of 
kcratotic areas of flie epidermis where malignant change is in progress 
It IS mv experience that the majoritv of epitheliomas arising from 
lesions of radiodermatitis start out as epitheliomas in situ later pene- 
trating and invading the cutis (Fig 121 B) Tlie histopathologic 
cliinges in the epidermis duplicate those seen in cases of Bowen’s 
dise ise and of senile tar and arsenical keratosis and m manv cases of 
leukoplakia of the mucous membranes, in all of which conditions epithe- 
liomatous change takes place in 20 per cent or more of the cases 
It tlierefore seems illogical to treat tliese conditions b\ radiotherapy 
unless intensive do'^es are administered Roentgen and radium kera- 
tosis differ from the other forms of keratosis just mentioned in tint m 
roentgni ind radium keratosis tliere is usuallv relitixelv little evidence 
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of inflammatory icaction m the cutis, and obliterative changes m the 
lumens of the larger vessels predominate 
Jorstad and Lane have emphasized the fact that both tar and 
roentgen rays act as lipoid solvents in producing keratosis in the skin, 
and Guldberg emphasized the toxic effects of tar on both the corium 
and the epidermis It is my impression that roentgen and radium 
keratoses are seen as a rule in examination of those individuals who 



Fig 119 —A Typical roentgen ^ connective tissue, 

tion. with early epithelioma rn situ of coUagen and loss of 

thickened vessels in deeper cutis (X ^5) ^ elastic tissue, swelling, 

have been subject to repeated the changes 

irritating toxic effects on the epderm s and 

induced predispose certain mdividua^^^ squamous-cell carcinoma m 

lioma I agree ^^\th Wolbach- t^t ,,„tinn- 

association with radiodermatitis f .u. epidermis over a period 

ously calling forth proliferative ^^pSat the epidermis is 

of years, but I cannot concur m his concep or 

a transparent tissue and is not injured in the pass g 
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tint the clnnges in tlie epidermis ire onI\ secondar\ to lesions in its 
supporting tissue, the conum 

1 pithihoun in i\ ilso arise from niters, produced b\ treatment ^Mth 
suptrficnl or deep roentgen r'l^s and be radium, again these epithe- 
hom vs are squ nnous tell in t\'pe and are of \ ar\ mg degrees of mahg- 
nlne^ Hit epithehonntous process mi\ start as an epithelioma tn 
situ with later nuasion and metastasis, but more frequenth ordinar\ 
t\pes of nnading squamous tell epithelioma art seen (I ig 121 A ) 
1 ha\t \et to set a true sarcoma arising from cliromc radiodermatitis 
^\hcrtas ci‘>es have been reported rarelv in the literature, ® careful 
analvsis reveals most of the malignant growths to be highlv im 
(hllerentiated svpiauious-ccll epithelioma, Grade 4, simulating in 
morphologie features, a sarcoma (Fig 122 ) It is questionable 
whether basil cell epithelioma ever results from radiodermatitis, its 
occasional association probablv is merelv coincidental It is the im- 
pression of manv authors, and it is also my own impression without 
there being anv definite data on the matter, that epithelioma rarelv 
develops following a single massive dose of roentgen ravs or radium 
I his concept is c\emphfied b\ the infrequent development of epithe- 
lioma following irradiation in the treatment of internal malignancj 
which irradiation has resulted m third-degree ulceration of the skin 
ibis would fit in with the relativelj infrequent occurrence of epitlie- 
homas in scars and ulcers resulting from heat or from various chemical 
burns 

DIFFERENTIAL DIAGNOSIS 

live histopathologic picture of acute radiodermatitis is not alwavs 
distinctive The combination of histologic changes seen m chronic 
radiodermatitis are usuallv specific and diagnostic and have proved of 
contributing v alue m certain medicolegal cases Thus, anv radiotherapv 
resulting in permanent telangiectasia, or in more severe changes, 
will leave histologic evidence of fibrosis and thickening of the cutis, 
atrophj of the sebaceous glands .and the h.air follicles, and thickening 
and obliterative changes in the lumens of a varving number of blood- 
vessels in the cutis and deeper structures Failure to demonstrate 
occlusive changes in some of the vessels practicalh evciudes the diag- 
nosis of chronic radiodermatitis assuming, of course, that a specimen 
for biopsv was taken from a representative area 

There arc sev eral conditions which may simulate to a v arvmg degree, 
the histopathologic changes seen m chronic radiodermatitis Differ- 
ential diagnosis of roentgen and radium keratosis from senile, arsenical, 
and other keratosis alreadj has been mentioned Clinical differentia- 
tion however is usuallv easilv made In lichen sclerosus et atroph- 
icus*" in kraurosis vulvx and m balanitis verotica obliterans, there 
are tremendous edema and rarefaction m the upper part of the cutis, 
which compress the epidermis In the last two conditions there mav 
be some thickening of the walh» of tlie bloodvessels The three con 




erntliplinmn r^’ loeiitgen ulcer of physician’s hand, showing squamous-cell 

EnteeTLr? n occluded bloodvessel at “x” (X 42) B, 

Grade 2 m oit ^‘^jacent to area shown m Plate II Squamous-cell epithelioma, 
cell diviainn H * 1 ^' i ^ invasion of cutis, dyskeiatosis with amitotic and mitotic 

Viom>ifn\Trlir,’, ' ^ b mpliatics and Lucken in epidermis, elastic fibers staining with 
hematoxylin m uppei cutis (X 110). 
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FiQ 122 —Chronic radiodermatitts of cheek followitiR treatment in beauty parlor for 
hypertrichosis A Squamous cell epilheboms Grade 3 simulatiriK ba al cell epithe- 
lioma basophilic staining of collagen fiber absence of dermal appendages thickened 
bloodvessels and sclerotic enlarged nerve bundle at x (X 2S) B \djatent area 
squamous cell ep thelioma Grade 4 simulating a sarcoma (X 80) C Increa e in 
Gitterfisem in nails of bloodvessel and nerve bundles fibrous replacement of subcufa 
neous tissue Maersch Bielschowskyatam (X 54) 
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paralleling the effeets of gamma rays and x-rays of ordinary wave 
lengtlis. 

TJie histopathologic changes in radium and roentgen dermatitis are 
not essentially diflerent. Hie summary of acute changes, concerning 
which there is some divergent opinion, already has been given. "V^dien 
irradiation has resulted in permanent damage to the cutis and to the 
bloodvessels contained therein, then there de^eIops a chronic radio- 
dermaTitis, varying in nature from telangiectasia and pigmentation to 
second- and third-degree reactions, ^Wth keratosis and small or large 
ulcers. The epidermis may he thickened, atrophic, or ulcerated. 
Pigmentation varies in amount, but is minimal compared to that of 
acute radiodermatitis. Thickening of the cutis is almost always 
present. t\ith fibrosis and homogenization of connective tissue fibers. 
Frequently rarefaction of the collagen, the result of edema, is seen in 
the tipper cutis. A tmiform fibrotic thickening of the intima. media, 
and adventitia of many of the larger and deeper tessels occurs and 
results in occlusive changes, frequently in ulceration of the epidermis. 
The elastic tissue i^ nr»t altered in mild degrees of radiodermatitis but 
may be destroyed in se’i ere degree of reaction. Sebaceous glands are 
early afiected and later destroyed; the same usually is true also of the 
hair follicles. Remains of sweat glands and arrectore's piJorum muscles 
are seen in all but the most severe reactions of the third degree- Tel- 
angiectasia of tite superficial bunphatic structures and capillaries is a 
fairly consistent finding in chronic radiodermatitis, but in cases of 
long standing this process may undergo gradual involution and may 
disappear entirely. Cutaneous nerves may not be afiected: on the 
other hand, they may be swollen, fibrotic or destroyed- There is 
usually an increase in Girteriasem, especially where new formation of 
connective tissue has taken place and e^pecially in relation to the blood- 
vessels. Basophilic staining of the collagen and elastic fibers, and 
merging of tie two t^'pes of fibers, usually are seen in chronic radio 
dermatiiis imoj-eing the surfaces of the body which are exposed to 
light and to the other elements bnt these changes also are seen m 
'Other dermatoses in the same area, Roentgen and radium j^eramsis 
and ulcers result in epitheliomatous changes in about 20 per cent oi 
tie lases. The necmlasms are pracric^y always squamons-cen 
epitheliomas vaw-hng in malignancy from Grade 2 to Grade 4 and 
metastaris and death mav result- "Canons physical and thenncal 
explanation- for the reactions of roentgen and radium rays on the Ann 
are discnssed in other chaptem in this booh. 
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CHAPTJ-m XX iV, 


jDjosyNCjiAsy. 

Afe applied to radiation, idiosyncrasy means an inherent hyper- or 
hyposusceptibility to radiation— a personal, inhrcfl peculiarity for 
which there is no explanation and wliich is never acquired, 'J'his 
peculiarity should not disappear nor fluctuate, 

'Phe history of this subject is interesting but it is of little practical 
importance today, 'J'hose who desire a dissertation and complete 
literary review of the subject are referred to previous editions of this 
book. Only a brief summary will be given here. 

For many years there was a controversy as to whether or not idio- 
syncrasy to ,'r-rays and radium existed. In 1 91 3 , Arcelin, in an endeavor 
to obtain a representative opinion, questioned thirl ecu leading I5uro- 
pean roentgenologists. Seven licld that idiosyncrasy did exist; six 
expressed the opposite opinion, 

Jn 1908 the senior autlior obtained tlie opinion of the leading 
Amerjcan roentgenologists and dermatologisls. Tha result was an 
equally divided opinion, Jn 1920 the jnajority opinion was against 
idiosyncrasy, but the vote was still divided, Jn 1930 it was dillicult to 
find any leading roentgenologist or dermatologist who admitted true 
major idiosyncrasy, 

'J’he use of the term idiosyncrasy has decreased in about direct 
proportion to improvement in technic and knowledge, I’lierc may 
still be a few physicians who believe lhat major idiosyncrasy is a 
iact, Tha modern consensus is that while it may exist it is extremely 
rare. 

During the jiast two or more decades members of our organiz/ation 
have epilated the heads ol several thousand children afflicted with linea 
capitis Jn spite ol the exacting technic and tlic necessarily lar-ge dose, 
there ha\ e been no examples of idiosyncrasy. 'J’his experience coincides 
with that of others, even those who employ a considerably larger 
epilating dose. Occasionally incomplete defluvium is reporfed, but 
such result is probably caused by insufficient dosage rather’ than idio- 
.syncrasy, Jnadequate dosage may be caused by a head that is lar’ger 
than average, age of the child, incorreef calibration of appar’atu.s anrl 
other technical factors 

For many years large accurately e,stirnated doses of rways and 
radium have been administered to innumerable cases of cancer by 
experts who have not encountered unexpected acute reactions. 

Until proved to the contrary, it may be assumr-d that minor degr’ces 
of idiosyncrasy are fairly common. Severe and mild examples ol 
( 296 ) 
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xeroderma pigmentosum and farmers’ skin seem to depend upon both 
inherent susceptibihtj and the amount of exposure to the sun Chronic 
radiodermatitis resembles tliese disease^ Some persons apparently 
de\ elop “x ray skin’ more readih than others This difference may 
represent idios\ncras\, but it is difficult to determine accurately 
iihether these xariations are caused by technical differences or by 
intrinsic characteristics of the indnidual At the moment the e\i- 
dence is m fa\or of idiosyncrasy 

^lacKee and Flier tested y\ith unfiltered x-ra\s 210 unselected 
persons Tlic doses employed m each case yytre 75 r, 150 r and 225 r 
The test areas one inch square, yyert on the inner surface of the thigh 
or the flexor surface of the forearm Grounded lead rubber y\as used 
for protection No cases of “electric cry thema” y\ ere encountered and 
there yyerc no delayed reactions This work yyas done in 1920 yyhen 
technic was not so accurate and knoyyiedge not so great as now It 
was difficult to distinguish between faint erythema and faint pig- 
mentation ^^e hope soon to report the results of similar tests made 
under modern conditions and more accurate controls The results 
of the tests by AlacKee and Filer are shown m the follow mg table 


REtCTIONS TO UNFILTERED RA'iS' 

Erytbeot* Piemcntation 

DoM 10 roeotgro* Pc>!» >& akin unita 


Completion 

Dark skin males and 

females 

102 

7 

•«% 

150 

20 

12% 

22^ 

3C 

22% 

75 

82 

51% 

150 

90 

56% 

225 

90 

56% 

lair skin males and 

females 

•IS 

4 

8% 

11 

23% 

18 

37% 

15 

31% 

16 

33% 

19 

39% 

Totals 


210 

11 

5% 

31 

15% 

54 

25% 

97 

46% 

106 

50% 

109 

51% 


* The percentagea are approTimate 


Desjardins calls attention to a group of persons yyhose skin and sub 
cutaneous tissues are unusually scnsitixe to roentgen ra\s Anthro- 
pologically, these persons belong m Sheldons endomorphic group 
ind according to Desjardins can be recognized almost at a glance by 
the following physical characteristics.— yye quote Desjardins 

“The body has a rounded contour, that is, the lateral and antero- 
posterior diameters of the trunk are approximately equal The bony 
frameyyork and musculature are not dexelopcd as much as in mdi- 
yiduals of the ectomorphic or mesomorphic type The limb-j are 
usually short and tapering the hands and feet are small and the 
head is round Not only is the contour of the trunk rounded but the 
extremities also are smoothly rounded and the muscles do not stand 
out in prominent bulges Arms, Hughs and legs are beautifully eury ed 
In male mdniduals especially at ages betyyeen ty\enty and forty 
years the contours of the trunk and extremities and the texture and 
appearance of the skin often suggest those of the female Still more 
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significant is the character of the skin and subcutaneous tissues. The 
skin has a smooth and fine texture, has the tone of fresh, soft rubber, 
and the hair is relatively thin or scanty, even on the scalp. i\Ioreover, 
the skm and subcutaneous tissues together have the appearance and 
give the sensation of a firm, rubbery plumpness. In this group the 
sexes are about equally represented. 

“The first step in recognizing these individuals is a good knowledge 
of the general appearance and confoimation of the body, its compact, 
rounded, and attractive shape as a Avhole as well as in its dift’eient 
parts. The reader must not infer that all individuals with a body 
conformation of endomorphic tjqie exliibit this feature to the same 
degree, far from it. The degree of endomorphism, in fact, vanes with 
each individual. This featuie is more prominent in some individuals 
than in others, and many gradations exist between this group and the 
two other groups of Sheldon’s classification. 

“The other and most important feature from the standpoint of 
sensitiveness to roentgen rays is the smooth, clear or semiti'anslucent 
appearance of the skin and its exceptional tone, as if a certain propor- 
tion of the best quality of lubber enteied into its composition. It is a 
skin which is pleasant to look upon and to touch. The subcutaneous 
tissue also has an unusually firm and rubbery consistency, so that, 
when it is taken between the fingeis and thumb, it has an unusual 
resiliency. The relative proportion of these features is a measure of 
radiosensitii’euess in comparison with other pel sons. 

“Once the ability to lecognize this type of peison beforehand has 
been acquired, the exceptional sensitiveness of the skin and sub- 
cutaneous tissues should always be kept m mind ” 

KNOWN CAUSES FOR TOLERANCE VARIATIONS. 

It is well known that the si in of vaiious persons and even that of 
the same individual will leact diffeiently under changed conditions 
These vaiious factois will now he discussed seoaratelv. 

Age. — The skin of any given part of an aged individual is definitely 
less sensitive than that of an infant There is also a noticeable dif- 
ference between adults and children 

Sex — The skin of females is perhaps slightly more sensitive than 
that of males 

Texture. — A thin, fine skin is likely to be a little more susceptible 
than is a thick, coarse skin 

Antliropologic Types. — This cause for lowei toleiaiice is discussed 
elsewhere in this chapter. 

Circulation. — A skm that is pale or anemic will react less readib’ tlian 
one that possesses a good circulation The most sensitive skin in this 
respect is one that is hyperemic or congested 

Simpson obtained reactions in the skin of the anterior neck in 
who had been applying ice for the relief of hj'perthyioidism Ihe 
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same patients, ^vithout the ice applications, failed to react Cold 
applications produce localized anemia, and an anemic skin uill toler- 
ate compa^atl^ ely large amounts of irradiation, \\hile hjperemic skin 
IS comparatia el> supersensitia e It is possible, therefore, that it v. as 
the congestion subsequent to ice application that produced the hj per- 
sensitiieness in Simpson’s patients Codman mentions cutaneous 
\asomotor irritability and congestion or hvperemia resulting from 
such applications ns the high frequency spark, as causes for lessened 
resistance to irradiation bunbum, uUraMolet radiation heat solid 
carbon dioxide and \ arious other ph\ sical agents ma> effect a tempor- 
ary hyqjersusceptibility Ileidingsfcld found the skin m a case of 
dermatitis hiemalis abnormally sensitive 

Auer and I\itherbee, working with rabbits, increased the resistance 
of the tissues to destructive doses of x rajs bv sensitizing the animals 
to a foreign protein (horse scrum) llektoen working with dogs 
made a somewhat similar observation The inference is that the ana- 
phvlactic antibody anchored to the tissue cell increases the resistance 
of the cell to destructive dos_s Control ammals and sensitized- 
reinjected animals the latter having antibodies in the circulating 
blood were considerablv more susceptible to roentgenization 

Color —Blonds are usuallv more susceptible to irradiation than are 
brunets The Negro skin is the most resistant 

Location — Topographicallv there is a pronounced % ariation in sus- 
ceptibility Insofar as a visible reaction is concerned the least sensitiv e 
part of the bodv seems to be the scalp Tlie face is probablv the most 
sensitive part The extensor surfaces are more resistant than are the 
flexor surfaces The flexures are verv sensitive There are important 
exceptions to these rules The thin skin over the extensor surfaces of 
the articulations reacts more readilv tlian does that of the immediate 
vicinity The palms and soles on account of the thickened hornv 
laver, are less sensitive than such flexures as the anterior neck and the 
axill'e The mucous membranes are perhaps more sensitive than the 
normal skin 

Imtants —Irritating and stimulating chemicals applied to the skin 
before during or shortly after irradiation, may substantially increase 
the effect Such chemicals as iodine, chrvsarobm, sulphur mercury, 
oil of cade pyrogalhc acid, sahevhe acid iodoform etc , if emplov ed 
in strength (3 per cent or more especially m ointments) and at about 
the time of irradiation, may create a hv persusceptibihtv of a high 
degree Susceptibility caused by local applications will disappear in 
from one to four weeks, depending upon the strength and character of 
the application and the amount of reaction provoked Hypersuscepti- 
bihty will prevail during a chemical dermatitis and for a week or two 
subsequent to its complete disappearance If no visible reaction fol- 
lows a chemical application the skm will react normally to irradiation 
in a week or two If irritating chemicals have been applied to the 
skin for a long period but without visible reaction the skin is hkelv to 
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be bj'persensitive for at least two weelcs after the local applications 
bare been discontinued. Solutions and especiall.y ointments contain- 
ing even small quantities of irritants, if employed at the time of irradia- 
tion, are likely to increase the effect. 

After irradiation the skin is hyper.sensiti\e to irritants, the degree 
and duration depending upon the amount of radiation applied. Skin 
tbat bas reacted to irradiation is often sensitive for a month or tn^o. 
Skin tbat bas been subjected to irradiation vitbout visible injurj’^ will 
tolerate irritants of mild to moderate strength in about a month. 
Even strong britants may be tolerated at this time, but the skin is 



Fig 123. — A third-de^ee radiodennatitis due to irritating applications applied dunnp 
a Srst-desree reaction. Note separation of slougli at edge of ulcer. 


likely to remain rather sensitive to such agents for a variable time. 
Skin tbat bas been permanently damaged by irradiation may never 
tolerate strong local remedies. 

The ulcer shown in the accompanying illustration was caused in 
the following manner: A double ert-tbema dose of filtered a:-rays had 
been employed to areas of equal size on the flexor surface of the right 
forearm and of the right popliteal space. In each area then developed 
a first-degree reaction which subsided in two weeks. Six weeks later 
another dose of the same size was administered to each area. Agam 
a first-degree reaction occurred in each area. The patient apphed 
ointments containing lysol, balsam of Peru and scarlet K medicinal 
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to the popliteal are\ but not to the forearm The forearm reaction 
soon disappeared A third-degree ulcer de\ eloped in the popliteal 
space t ha\ e reported a number of examples of this kind 
Attention is called to the f ict tint not onh is the irradiated skm less 
resistant to irritation but strong irritation applied to such skin may 
result in injurv that is clinically identical to radiodermatitis and w hich 
maj affect x-^a^ sequel's It is unusual for this loss of resistance to last 
more than a fen months except nhere the skin has been badlj injured 
Skin that has been badlj damaged bj irndiation behaves much as 
does <5oiIors skin and veroderma pigmentosum The evee'^sn c drv ness 
favors ec7cmatization 1 Iccration is hkelv to follow traumati'^m and 
exposure to direct sunlight or to extreme cold 
It IS advisable to avoid anv topical remedv that can be classed as 
in irritant eapecnlli in ointment form, during x rav or radium treat- 
ment If the dose has been large, it is advisable to ivoid topical 
irritants cntirelv, not onh during the treatment but for several 
weeks subsequentlv If tlie skm has been visiblv injured (atrophj 
telangiectasis) it inav or maj not tolerate topical irritants In such 
instances caution is necessarv It is a v\ell-known fact that such skin 
IS exceedinglj sensitive to strong cJicmicals, surgical operations refrig- 
eration, elcctfodesiccation etc 

Skin that IS being irradiated appears to tolerate moderatelj strong 
topical remedies, but sucli irritants are hkelj to increase the total result, 
tile combined effect is reciprocal If one is appljing 75 r each week 
and also, an irritating ointment, the biologic effect might be that 
obtaintd with 100 r or 150 r in the absence of a topical remedj 
Strong topical remedies (lotions emulsions, pastes and ointments) 
maj cause erj thema dermatitis and exfoliation This not onlv adds 
to the effect of irradiation but itmakes it difficult to determine whether 
the reaction is due to the cliemical or to the radiation For instance, 
assume that 75 r are being applied each week to the face for the treat- 
ment of acnc Assume, also, that lotio alba is being applied dailv 
and that the skm becomes irritable Is the reaction due to the lotio 
alba, to the jc-rajs or both? Erv thema or desquamation evoked bj 
topical remedies maj mask an x raj or radium reaction 
Manj phvsicians do not hesitate to use strong topical remedies, 
especiallj wheneraplojing small weekly doses of a:-rajs In fact some 
phj sicians are not v et conv meed that a mild x-ray or [radium reaction 
maj be follow ed bj undesirable sequelse We hav e had experience to 
the contrarj There is danger associated with x-rav and radium treat- 
ment and it seems inadv isable to take any risk in routine w ork We 
advise agamst the use of anj remedj tliat mav be called irritating 
or that IS capable of effecting a visible reaction, while emplojmg 
X rajs or radium 

Subsequent Irradiation —Skm tliat has been irradiated but not 
visiblj injured does not appear to acquu^ a susceptibility to further 
irradiation providing that accumulation is avoided If the skin has 
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been injured as manifested by a reaction or by sequelaj, it is likelv to 
be more readily affected by subsequent irradiation. This lias been 
especial!}' noted by Bergonie. The acquired ^^susceptibility’’ may be 
transient, persistent or permanent depending upon the amount of 
^wjur} and the ability of the tissue to repair the damage. 

Accumulation.-Experience has taught that it is not safe, when it is 
desirable to avoid cumulative effects, to repeat heavy treatments in 
less than four weeks Ihe interval will depend partly upon the size 
of the dose and its immediate effect on the skin. A two- or three-week 
interval may do for a suberythema dose but from four to six weeks is 
required for erythema doses and a longer period if the reaction has 
been of the second degree. After the subsidence of a reaction the skin 
IS likely to be hypersensitive for several weeks. One reason for longer 
mtein als is to avoid the possibility of delayed reactions, ^’iffnle it is 
tiue that if the skin is going to react it will do so in less than two 
w eeks, there are occasional instances when the reaction does not appear 
until the third, fourth and e^'en the sixth week. 

It has been shown bj' Kingery tliat the tissue loses 50 per cent 
or irradiation effect in three and a half days. It is reduced to 
5 per cent on the fifteentli day and zero is reached about tlie end of 
the Ibird week No exception to this rule was encountered This 
work does not include supersaturation witli reaction where the tissues 
aie mjm'ed beyond complete repair or where considerable time is 
requiied to overcome the damage. 

Filtration —It seems to be the general belief that the skin is injuied 
Jess b}' fflteied ra,ys than by unfiltered rays and that greater inj'ury 
to tlm skin is caused by beta rays than by gamma raj'S. If we confine 
the discussion to the possibility of cutaneous injury tliis opinion, if 
not erroneous, is at least misleading. All rays — beta and gamma rays 
or radium, filteied oi unfiltered rays — will severely and permanently 
injure the skin provided the amount is sufficientiy large. In other 
words it is more a question of quantity than of quality (Chapters 
A.111 and XX^0• 

Disease and Systemic Factors. — Certain diseases and conditions of 
the cutaneous envelope seem to make the skin more responsii'e to 
inadiation Lesions associated with cutaneous congestion appear to 
be more sensitii'e to irradiation than does the surrounding skin 
eczema, psoriasis, rosacea, mycosis fungoides, etc This is especially 
hue before acanthosis and hypeikeiatosis or parakeratosis have de- 
diseases such as keloid and xanthoma the patliologic 
skin does not appear to react more leadily than normal skin. Lesions 
associated with a thickened horny layer tolerate large doses, such as 
the common wart, for instance. Ceitain organic and constitutional 
diseases, especially those affecting the vasomotor system, or the 
sjTnpathetic nervous sj'stem such as hyperthyroidism, modify cuta- 
neous tolerance. 

Ellinger, working with rabbits, finds that inj'ections of thyrocin 



ALhERGi 


mere ISO ndiostiisitu it\ ^\hllc tlnroidectonu reduces it riaskimp 
notes elnnjict' of tolerance issocnted TMth the premenstnnl state 
pregnanc\ and pulKrt\ 

FLUCTUATION OF CUTANEOUS TOLERANCE 

^^e ha^e noticed \anations of cutaneous tolerance in the ‘'ame 
person at different times V jicrson ma\ react to a certain do--e one 
time and ma\ fail to rciwt to the same quantl^^ a eear or so later 
Ihis has been noted, dso h\ others It is not a. perpleMng phenome- 
non as the degree of tolerance ina\ depend on the general health, 
condition of the \ isomotor s\stcm ner\ous s^stem, cutaneous cir- 
culation the entloerine'a etc One rosacea patient reacted repeatedh 
to 75 r when she was liigliK ner\ouj> and in eerN poor general health 
A a ear later, wlicn in excellent health she did not react to 225 r 
The patient hid h\pcrth\Toi(lisin Jins calls attention to lijper- 
sensitucness of the skin to r-ra\s in cases of endocrine disturbances 

ALLERGY 

Sensitization to ultra\iolet ridiation ind to the wa\e lengths of 
the Msiblc spectrum liiic been reported We )ia\c not seen eMdence 
of allcrgs or sensitization to ar-r i\ s or r idium and w e hax c been unable 
to locate hterari reference to such occurrence 

Unusual Results —1 here are i number of peculiar effects produced 
b\ a: ra^ s and r idium which arc due possibh, to indieidual peculiari- 
ties lliere is the precocious reaction, an crethema that de\elops in 
a da^ or two ind disappears m from one to three weeks without 
de\ eloping heiond a first-ilcgrte reaction Then tliere \re the radio- 
erN tliema perstans and the dela\ cd reaction Some indi\ idiials 
freckle or tan as a result of \erv minute doses while others do not do so 
e\en when tlit skin is made to reict Following a reaction some dark 
skins ma\ be depigmented IcI ingiectasia develops more readiK in 
some skins than in others The same is true relative to other sequel'e 
such as atropliv and keritoses 

After an epilating dose applied to the scalp the defluvaum occurs 
ordmarilj in the third week and the hair begins to grow again in the 
third month It generally grows slowlj steadilv and equallv over the 
entire scalp and, as a rule is of the same color texture and general 
character as the original hair The exceptions are as follows The 
hair ma> fall out in two weeks or not until the fourth week It mav 
begin to regrow in six weeks or not until the sixth month Thegrowth 
maj, be exceedingly vigorous or equally sluggish It may grow more 
rapidly in some areas than in otliers The new hair may be curlv 
while the original hair was straight or vice versa The new hair may 
be either lighter or darker than the original it raa\ be coarser or finer 
Some of these phenomena may be explained by variations in dosage 
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or by the effect of the disease, but individual peculiarities cannot be 
excluded in all of them. 

In the heads of children there does not appear to be much variation 
in the dose required for epilation. In adults, however, it is not infre- 
quent to encounter a fairlj’’ wide variation. We have seen depil- 
ation of scalp hair in an adult follow the application of 225 r. It 
usually requires at least 300 r for tliis purpose. In one instance 
(a case of favus) it required 600 r to cause the hair to fall. There was 
no erythema of the scalp which, incidentally, had been considerably 
altered by the disease. The skin of the back of this patient reacted 
normall 5 ^ to a dose of 300 r. The hair follicles may be hypersensitive 
when affected by disease It has been noted that the diseased hairs 
in tinea capitis depilate more readily than do tlie normal hairs Kien- 
bock and Meyer have noted tins phenomenon, especially in psoriasis 
The former obtained depilation of scalp hair in a case of psoriasis as 
a result of the administration of 2 j X (less than half the epilating dose) 
His interpretation is hypersensitiveness of diseased follicles and not 
idiosyncrasy. 

Radium —Regarding idiosynciasy it is our experience and opinion 
that the same statements made lelative to the .r-rays answer also for 
1 adium. In the past, severe radium reactions were not so common as 
those associated with the administiation of .r-rays because i adium 
was not m common use and because the technic was comparatively 
simple and, therefoie, moie accurate. The radium leactions of recent 
yeais have been caused to a large extent by inexperience with the 
more complicated modern technic (radon), by poor judgment, or by 
the various causes of and reasons for acquiied hypersensitiveness 
enumeiated in this chapter 
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CHAPTER XXY. 


GENERAL THERAPEUTIC CONSIDERATIONS. 

DOSAGE. 

Indications for the therapeutic use of the ,r-rays and the radiri- 
active substances have undergone a great change during the past two 
decades Years ago, these agents constituted the best or the only 
successful therapeutic method for many of the dermatoses. Now, 
many if not most of the cutaneous diseases respond better to modern 
conventional dermatologic management than to irradiation. This is 
scientific medical progress, the result of creative research, and is to 
be encouraged, ^so, years ago, one did not hesitate to administer 
large quantities of .r-rays or radium to benign lesions that refused to 
respond favorably to small quantities. The disfiguring and serious 
sequel® of excessive irradiation are now well known; also the total 
amount of radiation that the skin can tolerate and the amount indi- 
cated for each dermatosis are equallj' well known. For these reasons 
most adequately trained dermatologists employ a;-rays or radium only 
in safe dosage and only when there is no successful medicinal therapy 
for the particular disease, or because such treatment has failed Of 
course, there are exceptions. It is difficult to teach judgment, some 
persons are incapable of guidance. Therefore we still encounter too 
many cases of 2:-ray and radium injuries. 

The object of therapeutic applications of sr-rays and radium is to 
cure or relieve objective and subjective s.'S'mptoms If radiation is 
applied to a disease in which such treatment is contraindicated, thus 
making its s^miptoms worse, or because of excessive dosage an undesir- 
able and even dangerous sequela is substituted for a harmless lesion, 
then the main object of roentgen therapy and radium therapy has been 
defeated. 

Of the cutaneous diseases that are amenable to irradiation, the 
majority can be cured or improved by a quantity of radiation that will 
have no injurious efiect on the skin With the exception of the malig- 
nant diseases, where -large quantities are necessary to save life, an 
attempt should be made to keep the dose within the amount that -will 
prevent a reaction and the quantity that might avoid sequel®. If the 
operator is in doubt it is advisable to request a consultation and a 
di\'ision of responsibility. The main points to be emphasized here 
are: First, prolonged treatment should be avoided. If a disease, 
usually amenable to a prescribed amount of irradiation over a given 
amount of time, fails to re-=pond favorably to such treatment, it is 
ad-v-isable to discontinue the exposures. It is much better to lose a 
patient on account of failure to cure than it is to efiect a cure at the 
(. 306 ) 
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expense of cosmetic disfigurement Die disease might be cured in 
some other , the cosmetic defect from irradiation ma^ be perma- 
nent It IS veil to bear in mind constanth tliat repeated exposures 
over a long period of time, c\cn without the ad\ent of erxtliema maj 
lead to \ isible cutaneous atropln and e\cn to Xerafoses 
The second point is that cxcessixe dosage is to be scrupuloush 
axoidcd Heaxj dosage is indicated m epitlielioma as alreadx stated, 
but e\ en here it is inad\ isable to effect more than a first-degree reaction 
or, at the most a mild second-degree reaction In all other diseases 
we urge the a\ oidancc of ex en a mild first-rlegree reaction 
In raanj cutaneous diseiscs— Xeloid, nene vulgaris circumscribed 
neurodermatitis inxeterate and nummular psoriasis, chronic squamous 
eczema etc — a single dose sufficient to eflect an ervthema or a few 
small doses so spaced that an erjthcma is the immediate result, 
vill suffice to effect a prompt cure Sexcre examples of acne indu- 
rata xxill often undergo complete mxoliition as a result of a mild 
first-degree radiodermatitis Such treatment howexer, is not war- 
ranted It cannot be too often stated nor too forciblx emphasized 
that a single cr\ thematous reaction exen when exceedinglx mild will 
in some persons be folloxxcd b\ wrinkling and tclangicctasn The 
slogan for radiologists, w hctlier cmplox mg radium or ar-ra\ s should be 
nexer to effect exen a slight first-<lcgree reaction if it can possiblx be 
axoided or unless the neccssitx for such reaction is a requisite for the 
cure of a dangerous, disease 

Roentgen dosage is expressed in manj waxs In prexious chapters 
x\e haxe described explained and discussed tlie roentgen, the threshold 
dose and the erxthema dose, how thex arc determined the adxantages 
and disadxantages There is as jet no unixersallx accepted dose 
standard except the roentgen xxhich is the standard for mtensitx 
Hence we heir of the roentgen the threshold dose erxthema dose 
epilating dose, full dose, skin tolerance dose saturation dose reaction 
dose mtensixe dose, massixc dose fractionation dose suberxthema 
dose and so on 

Erythema Dose amount of ar-rajs tint xxill iisuallx effect 

faint erxthema on a sensitixe part of the bodx of adolescents or joung 
adults— face anterior neck axillje flexor surface of arms and thighs 
and abdomen— in an area 1 inch square is called the erx thema dose The 
amount of radiation required to produce a mild reaction in the skin 
vill differ somewhat in different indixiduals The so called erxthema 
dose will not alxxaxs provoke an erxthema exen on sensitive parts 
Again there are persons whose skin maj react shghtJj to three-quarters 
or even one half this quantitx As explained in previous chapters 
there are manj reasons whj the reaction differs in various persons— 
age location disease, size of area etc The erj thema dose is simplx 
an average standard for which corrections must be made ex erx time 
a treatment is given For unfiltered radiation most American der- 
matologists useSOOrfortheerxthemaand epilating dose Ihis dose is 
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the same for any apparatus after the equipment has been checked and 
standardized, and the technic established. A few dermatologists and 
many roentgenologists standardize the epilating and erj'thema dose 
at 400 r and even higher. We recommend 300 r for the erA'thema dose 
for adults and for the epilating dose for children’s scalps when using 
low voltage unaltered ar-rays. 

In recording doses or in giving information relative to treatment, 
the operator should mention the essential details of the technic— num- 
ber of roentgens, milliamperage, voltage (wave length or half-value 
layer, if possible), time, distance, filtered or unfiltered and, if filtered, 
the filtering material and its thickness. It is adnsable also to mention 
the type of apparatus employed (thermionic or mechanical or shock- 
proof). Unless one operator is familiar with the technic employed by 
another operator, it will not suffice to say simpU that an ery-thema 
dose was administered. There would be too much possibility' of error 
or misunderstanding. It is often necessary to refer a patient to another 
city' for treatment. In such instances it is advisable to ^ve at least 
the details as follows: 

April 25, 1.940: 300 r; Ma., 2; Kv., 90; T., 3 min.; D., 8 in.; unfil- 
tered; valve tube rectification. Also information relative to number 
of treatments, time between treatments, effect of pre\'ious treatments, 
suggestions as to further treatment, etc. 

"^en employ'ing radium it is advisable to mention the ty'pe, size and 
strength of the applicator, e-xposure time, distance from the surface 
and thickness of the filter as well as the material of which it is com- 
posed and the distribution of the radium or radon containers. 

EE5T INTERVALS BETWEEN TREATMENTS. 

Fractionated treatment can be given in various way's. For a malig- 
nant neoplasm it is cnistomaiy' to administer an eiy'thema or larger 
dose daily' or every second day for a total of from 1200 to 3000 and 
more roentgens (unfiltered) and from 2400 to 6000 or SOOOroentgei^ (fil- 
tered!. depending upon the degree of malignancy', location and size of 
lesion, the condition of the tumor bed, age of patient, voltage, filtration, 
etc. After such treatment one to several months are allowed to elapse 
beiore more treatment is given, if additional treatment is advisable 
or necessary'. 

The routine for most skin diseases consists of admmistering one- 
quarter the erythema dose (To r unfiltered) once weekly' for from tour 
or six to the arbitrary' maximtim of 16 treatments, depending, of course, 
upon the dhease. ThL? routine is for adolescents and adults. Half 
or less oi this dose is used for children. 

Large single doses are sometimes used for a number of diseases, 
rrom 1-50 r to 300 r or even set'eral times the ery'thema dose (unfiltered). 
WhevAiaU the erythema dose (1-50 r) is applied it may be repeated 
in tvA* weeks always depending upon the disease, size oi lesion, etc. 
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Larger doses (300 r) ire gi\c!i nt mtemls of a inontli or t^o A.fter 
still larger doses it is ciistomar\ to illow «;evcnl months to elapse 
before irradiiting nssuininp tint more trc'itinent is dcstrable 


rRACTIONATED VERSUS LARGE SINGLE DOSES 

As indicatoil in pre\ious chapters, tlic biologic effect of irajs or 
radium depends upon the amount of radiation that is absorbed bj the 
pathologic ccllb, also b\ tlie neighboring noninl tl^slle The absorp- 
tion and ionization are modrficil b\ and depend upon a number of 
factors, such as the timc-mtensita factor the size of the dose, time 
inter\al between treatment, etc, all of which arc discussed in pre\- 
lous chapters 

\\Tiat concerns us here is the contro\crs\ rclatnt to the result of a 
single large dose ns comparc<I with a considtrablv larger total dose 
gi\en bj the fractionated technic particularlv for the treatment of 
malignant diseases Ad\ocates of fractionation a\er that a larger 
total dose can be administcrerl without additional injur\ to normal 
tissue This agrees with tlic concensus The\ also behe^e that bs 
keeping the diseased tissue in a state of lethal saturation for a week or 
longer, a larger number of joung cells and cells about to dnide are 
destrojed Ad\ocatcs of the single large dose bcheae that such treat 
ment accomplishes all that can be accomphslicd, that when a lethal 
do^e IS administered there w ill be no further cell (ii\ ision The results 
of each method arc satisfactors but, at present, the fractionated technic 
IS the more popular, partK because there is less strain on the patient 
and phjsician 

In dcrmatologj the fractionated technic is employed mostlj for 
malignant neoplasms Large single doses arc administered to small 
f lesions such as warts, angiomas etc and weekh treatments 
01 75 r are used for most of the dermatoses that arc amenable to 
X raj treatment 


TREATMENT OF SMALL LESIONS 

^^ith the exception of malignant neoplasms, the normal skin around 
circumscnbocl lesions should be protect!^ bj a piece of lead foil or other 
suitable material OrdiiiariK a thickness of uV or Vr mch of lead will 
proiide adequate protection but when large doses are empIo\ed 
ppecialK in the c ist of filtered radiation it is ad\ liable to use sexeral 
a\ers of lead foil A di iphragm is made bj cutting out of the center 
® ^00 foil a liole the exact size of the lesion The shield should be of 
suliicient size to intercept all the oblique ra^s that pass through the 
i^hngm of the tube holder 

, k'^re should be taken to center the anode directlj o^ er the center of 
e lesion and to see th it no unprotected part of the bod\ is closer than 
® center of the lesion 
20 
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There are occasions when it is desirable to apply intensive radiation 
to a group of very small lesions between which there is normal skin. 
The normal skin in such instances can be protected by cutting holes, 
of the correct number, size and shape, in a piece of lead foil. Another 
method is to coat tlie skin with a 50 per cent bismutli, barium or zinc 
oxide paste. When employing tliese heavy elements (lead, zinc, bis- 
muth, etc) for this purpose, the possible effect of “soft” secondary 
radiation must be considered. However, witli the doses used in cuta- 
neous roentgen therapy, no harm has resulted when employing these 
materials. 



Fig 124 — Showing the spread of radiation with skin-target distance of 6, 8, 10 and 
12 inches Shows the loss of intensity as the sine of angle of incidence or inversely as 
the square of the distance Shows also the degree of concavity necessary to equalize 
intensity over an extensive surface 


DIRECT AND OBLIQUE RAYS. 

There is a physical law that has received considerable attention by 
radiologists' Intensity varies (1) Inversely, as the square of the 
distance, (2) directly, as the sine of the angle of incidence For the 


TREATMENT OF LARGE LESIONS ON FLAT SURFACES 311 


sake of simplicity the second of expressing tins Hu ma\ be dis- 
regarded, as the first ^ill cover all questions relating to the second 
The so-called direct rajs are those that pass from the target straight 
to the lesion The so-called oblique ravs strike the skm around the 
lesion and are less intense for the simple reason that the\ have to 
travel a greater distance Fig 124 shows the difference in tlie length 
of tlie <hrect and the oblique rav s falling upon a flat surface and deriv ed 
from minute points at distances of 6, S 10 and 12 inches At first 
glance it would seem as though tliere might be an enormous difference 
in intensitv at tlie peripherv when comparing the 0- and 12-inch ‘skm- 
focal distances As a matter of fact, tlie difference is not great With 
an 8-inch skin-focal <listance tlie loss of intensitv at 6 indies from the 
center of a fiat surface is i \\ith a skin focal distance of 12 inches 
the loss IS between J and \ At a distance of 32 inches the loss is 
about jV At vcrv short distances the difference is greater 

As explained in prcv lous chapters there is a difference in the intensitj 
of oblique radiation and in the spreading of radiation obtained from 
some shockproof apparatus This is because the oblique ravs pass 
through more of the intrinsic filter because of the shape of the portal 
and because of the size and shape of the focal spot and the angulation 
of the target It is expected that these faults will be corrected bv the 
manufacturers In anv case the operitor should be familiar with all 
the characteristics of lus apparatus 

TREATMENT OF LARGE LESIONS ON FLAT SURFACES 

It is customarj to place tlie ano<!e over tlie center of a large lesion 
and allow the ravs to spread over the entire affected area As sliown 
in the preceding paragraph a lesion 1 foot square w ill receiv e one-third 
less intensitv at tlie peripherj than at the center, witli the usual work- 
ing distance of S inches Individual lesions seldom liave a diameter 
of more tlian 6 inches so that this loss of intensitv is of no practical 
importance for fiat surfaces or for lesions that are easilv cured In 
epithelioma, however, it is essential that intensitj be fairlj uniform 
over the entire surface In this connection it might be well to state 
that oblique ravs passing tlirough a tumor of considerable thickness 
will be compelled to penetrate more tissue than will the direct rajs, so 
that in addition to loss of intensitv bj distance there is also a loss 
caused b\ additional absorption 

There are two wavs in which intensitj can be fairlv eqiiallj distrib- 
uted over a large flat surface First b\ increasing tlie skm-focal dis- 
tance to at least 32 inches preferablv 4 or 5 feet An increase in the 
length of the skin focal distance causes greater intensitv at a given 
depth below the surface A long skin focal distance is advantageous, 
therefore in the treatment of large lesions and thick lesions The 
second method consists of div iding the lesion into tw o or more areas 
each area is then given a separate treatment It is necessarj to fit 



312 


GENERAL THERAPEUTIC CONSIDERATIONS 


the protecting material very accurately, so as to avoid overlapping of 
exposures or to leave parts of a lesion unexposed. It is customary to 
mark out the areas with a skin pencil and allow about \ inch between 
areas. It is presumed that this amount of tissue will be taken care 
of by the scattered and secondary rays. The lead foil, or other pro- 
tecting material, should be firmly fastened to the skin by adhesive 
plaster or weights. 

TREATMENT OF CONVEX AND CONCAVE SURFACES. 

Irradiation of convex and concave lesions of fairly large dimensions 
is associated with considerable difficulty. The method of applying 
radium, in the shape of flexible applicators, radium packs, etc., is 
described in Chapter VII. In .r-ray work a slight concavity may be 
]ust sufficient to overcome the loss of intensity at the periphery. Or, 
the surface may be so concave that the periphery of tlie lesion or cer- 
tain normal parts may be actually closer to the anode than is the 
center of the lesion. It is these depressed and crateriform areas that 
stimulate the resourcefulness of the technician As examples of such 
surfaces may be mentioned the inner canthus and the anal region. 
These surfaces can be flattened out to some extent by pressure or by 
spreading the tissues apart If this cannot be accomplished, a reason- 
able equalization of intensity can be obtained by shielding all but the 
floor of the concavity and applying from one-quarter to one-half the 
desired dose, the amount depending upon the slope of tlie walls of the 
concave surface. The shield is then removed and the exposure con- 
tinued until the full dose has been administered. The curved lines 
in Fig. 165 indicate the degree of concavity required to equalize inten- 
sity over a surface of any size. 

Convex surfaces are troublesome because, with tlie anode centered 
over the center of a lesion, the distance from the source of radiation 
to the periphery of the lesion may be considerably increased as com- 
pared with a flat surface of the same size. Indeed, the surface may be 
so convex that the periphery of the lesion may receive no radiation at 
all. In such instances it may be necessary to make multiple exposures 
Take, for instance, a lesion occupying the anterior and lateral surfaces 
of the forearm. Three exposures are required — one for the anterior 
and one for each lateral surface. If each exposure is at right angles 
to the other no protection is required — the rays from each are allowed 
to overlap. 

ROENTGENIZATION OF ENTIRE BODY. 

Not infrequently it is necessary to apply the tc-rays to practically 
the entire body. The requisites are (1) Not to lower the lympho- 
cytic count, (2) not to cause too-rapid involution of lesions, (3) reason- 
ably uniform distribution of intensity. Not only must the dose be 
small, but only a small section of the body should be exposed on any 
one day It is customary to divide the body into from four to six 
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'ireas and to applj a dose to one area each daj No section of the 
bodj IS treated more than once a week The bod} surface ma\ be 
(h\ ided somewhat ns follows (it is assumed that the anode-skin distance 
IS 8 inches) 

1 Head and Face —Tins requires fi\e exposures, the angles of inci- 
dence being tlie same as those used m the treatment of tinea capitis 
The face and neck are not shielded In fact, in generalized roentgen- 
ization no shield other than the regular tube shield is used Inci- 
dentalK, the diaphragm of the tube shield must be large, or the 
tube will ha\e to be placed at a considerable distance from the skin 
It IS to be understood that the e}es, C}ebrows, ONaries and testes are 
suitably protected or that the dose is to be too small to injure these 
parts 

2 Chest, Abdomen ayid Anterior Surfaces of the Arms, Forearms and 
Hands —Tout exposures The arms are held m contact with the 
trunk, on a le\el with tlie abdomen If tlie arms are long the hands 
will not be included in this section and yyill recei\e treatment when 
the thighs are exposed Exposures are made o\er each side of the 
chest, at tlie ley el of the nipples, and on eacli side of the abdomen 
about the ley el of tlie umbilicus It is important that the anode for 
each exposure be at least 12 indies from any other exposure 

3 Entire Back —This includes the postenor surfaces of the arms 
hrearms and hands Four exposures are required as m tlie last 
section 

4 Anterior Surfaces of the Thighs and Legs —Six exposures are 
usuallj required— two for tlie anterior and posterior surfaces of the 
tliiglis, two for the anterior and posterior surfaces of tlie knees and two 
for the anterior and posterior surfaces of Uie legs It is well to state 
again that eyer} exposure must be at least 12 inches from any otlier 
exposure Assume, for instance, Uiat the operator is exposing the 
upper back In the case of a large man the anode nia} be placed over 
the scapula?, or o\er the point of the shoulders In the case of a small 
woman the anode ma} be considerabl} to one side of the scapula and 
much radiation may be yyasted Neyertheless, the exposures must be 
at least 12 inches apart 

Manj persons will not be able to tolerate this amount of treatment 
and furthermore it maj be necessary to treat the literal surfaces of 
the arms, thighs legs and trunk sepiratel} In uniyersal eruptions 
It IS therefore preferable to diMde the cutaneous surface into six 
sections, begin w ith about 38 r unfiltered, make frequent blood counts 
and w atch for constitutional symptoms 

In a recent article Paseber and Kinee who haye in\estigated the 
subject state that general bodj irradiation with unfiltered ar-ra}s as 
used for generalized eruptions can mjure the hematopoietic tissues 
The} giy e the results of their research and a rey lew of the literature 
In radiosensitiye persons the} find that leukopenia and h}-pochromic 
anemia often result when the entire body surface is exposed each week 
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to 75 r, the treatments being given three times weekly, approximately 
one-quarter of the body being exposed at each sitting, and the treat- 
ment continued for from three to six weeks. Recovery may not be 
complete before four or five months. 

SYSTEMIC REACTIONS. 

Years ago it was common to observe systemic and cutaneous reac- 
tions as complications of x-ray and radium treatment of skin diseases. 
The systemic reactions consisted of fever, anemia and more or less 
prostration Cutaneous reactions consisted of papular and searletini- 
form pruritic eruptions. The cause was probably the too-intensive 
irradiation of pathologic tissue that is readily amenable to such treat- 
ment-mycosis fungoides, leukemia, psoriasis, etc. ; or by too-vigorous 
generalized irradiation Avhich may cause reactions through the destruc- 
tion of Ijnnphoid tissue. During the past two decades these various 
systemic and cutaneous reactions have been seldom encountered, pre- 
sumably because of modern knowledge, technic and judgment. With 
one exception we have not seen a single instance of these untovard 
reactions for many years The exception is in the case of scalp ring- 
worm. Occasionally, after the administration of an epilating dose to 
the entire scalp of a child affected with disseminated tinea capitis, a 
more or less generalized erjffhemato-papular rash occurs which may 
be accompanied by malaise for a day or two. Presumably the reaction 
is caused by destruction and absorption of cellular elements 

Roentgen and Radium Sickness. — There is a type of systemic reaction 
which IS commonly encountered subsequent to the administration of 
heavy, filtered doses of either x-rays or radium rays The reaction 
occurs within a few hours after the treatment and may last from a 
day to a week. It consists of varying degrees of anorexia, nausea, 
vomiting, headache, chills, fever and prostration. Pfahler, Beclere, 
.Jones and Roth, Lang and others have studied such reactions carefully, 
but the cause has not been definitely determined nor is there any 
certain way to avoid them. Pfahler believes that the reaction is due 
to gases (ozone, etc.) produced by the effect of the high tension 
electricity on the air or, m the case of radium by ionization, and 
inhaled by the patient Lang is ot the opinion that the effect is due to 
acidosis. Jones and Roth call attention to the fact that the reaction 
in question occurs subsequent only to irradiation of the abdomen and 
lower chest; that it is not observed when the vagus nerve does not 
fall in the field of treatment. These authors have obseived different 
t^'pes of reactions when various parts of the body have been irradiated 
and conclude that the reaction is due to the direct effect of the radia- 
tion on human tissue. YTen the region of the salivary glands 
was irradiated they found alterations in the salivarj’’ secretion, taste 
and smell. YTen the gastric glands and vagus nerve were irradiated 
nausea and vomiting were the result. Ewing has made similar observa- 
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tions Beclere calls ittention to the fact that nausea and \omiting 
ma\ follow large amounts of radiation applied to the cerMcal and 
axillarj regions, to an\ part of tlu abdomen (e\en as a result of radium 
in the \ agina) and to the chest Such observ ations are m accord w ith 
the experience of most radiologists Beclere’s conclusion is that the 
reaction in question is caused chieflj b^ the adulteration of the blood 
^Mth toxic substances resulting from the disintegration of the path- 
ologic or normal cellular elements dcstroxed b> the radiation, also 
that there must be a direct action on the ner\es 

Schreiner and Stenstrom, in a critical summarj of the assumed 
causes of roentgen intoxication, discussed the following causati\e 
theories 

1 Gases produced bs high \oUage roentgen ravs (ozone, nitric- 
acid fumes, etc), witli good xentilation, not enough is left to account 
for sickness 

2 An electric field surrounding the patient If tube and aerial are 
properly groundetl tliere will not be an electric field Sickness is seen 
when grounding is perfect 

3 Chemical clianges which cm be estimated Nitrogen output is 
increased, but sickness is not proportional to this change 

4 General influences on the bod\ Changes of cells m the bod\ take 
place wherever rajs are absorbed The bod> dose is roughly propor- 
tional to amount of sickness 

5 Radiation of certain glands The adrenals are quite sensitive to 
radiation As a small dose o\ er the adrenals w ill cause nausea they 
would probably react to an appreciable amount of scattered rays 
Nausea is also a common experience when the ovaries are irradiated 

6 Nervous stram and psychic influences on tlie patient Nervous 
high-strung patients are more apt to be sick than robust individuals 
The maintaining of position and covering with lead rubber etc , give 
them a sensation of restraint 

7 Destruction of intestinal mucosa ^Var^en and Whipple claim 
that this IS the main cause They also slate that this takes place only 
if the intestines are in the roentgen-ray field This tlieory does not 
explain the cause of sickness when, for instance the breasts are irra 
dialed So irradiation sickness is not explained on this basis alone 

There is no doubt that sev eral of these factors cooperate in causing 
radiation sickness 

Ihe amount of roentgen rays absorbed in the bodv can be used as 
a cUmcal gu\de m these sicknesses unless certain glands are irradiated 

Zacherl found that in animals united parabiotically irradiation 
sufiacient to produce toxemia m the irradiated animal also resulted m 
toxemia in the non-irradiated animal A brief leukocytosis was fol- 
lowed by a leukopenia and the body temperature became subnormal 
The phenomenon is similar to a protein shock and mav be due to destruc 
tion of protein and liberation of the end products 

Markov Its believes that the sickness is caused bv sodium chloride 
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deficiency . Waegner claims excellent results by administering a cho- 
lesterin-lecithin mixture as a prophylactic. The rationale is based on 
the discovery of cholesterin deficiency bj'^ Levy-Dorn and Burgheim. 
Miihlmann finds that the intravenous injection of grape sugar prevents 
roentgen sickness. 

Ptichards has used nembutal vitb success. Smithers suggests 
vitamin Bi and histaminase. ^^Tiitmore recommends thiamine hydro- 
chloride, liver extract and calcium salts. Vitamin Be has been recom- 
mended. Young depends upon liver extract. There is considerable 
modern literature dealing vith possible causes of radiation sickness. 
The majority of investigators agree that the cause is the breakdown 
of susceptible tissue elements, disturbed body' metabolism, and result- 
ing vitamin deficiency, but exactly what occurs is not yet known 
Also, it is generally agreed that liver extract is the best remedy. 

LOCAL MEDICATION. 

Large doses should not be administered to persons w'ho have been 
applying stimulating or irritating applications to the affected part. 
Small doses are permissible but caution is advisable (see chapters on 
Radiodermatitis and Idiosymcrasy). 

CROSS-FIRE TREATMENT. 

It is often difficult, even vith filtration and increase of skin-focal 
distance, to apply a sufficient amount of radiation to the deeper parts 
of a thick lesion or to a subcutaneous tumor without injury to the 
overlying tissues. Cross firing is the utilization of two or more ports 
of entry. Through each port is passed a skin-tolerance dose. The 
result is that a subcutaneous tumor receives the radiation, minus 
decrease of intensity by absorption and distance, from each port, but 
no one portion of the skin receives more than one ejqjosure. The 
tumor receives, of course, the scattered and secondary radiation 
from the primary beam of radiation that passes through each portal. 
Assume an epithelioma involving the skin and deep tissues of the nose. 
Cross-fire treatment would consist of an x-ray treatment externally 
and a radium tube placed inside of the nose. A subcutaneous tumor 
of the thumb might be cross fired from four angles — anterior, lateral 
and posterior surfaces. Large cutaneous tumors that are consider- 
ably elevated may be cross fired by di^dding the mass into several 
squares. Also, radium needles and radon seeds can be inserted into 
various parts of the growth (Chapter XS^II) 

ESTIMATION OF INTENSITY BELOW THE SURFACE. 

Most of the diseases that are treated with x-rays and radium by 
the dermatologist are very superficial, therefore he is not particularly 
interested in the so-called depth dose. However, in many cutaneous 
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diseases, sucli as some of the malignancies Inpertrophies benign 
ne^ growths and otlier conditions estimation of intensity belo\\ the 
surface is important ^fethods of determining the dose at \arious 
depths, both w ith radium and a:-raj s, are described in detail in Chapters 
VII, IX and cspecinlK in Chapter \n 

FILTRATION 

Ihe object of filtration is to reuioM the ra>s that are absorbed b\ 
the superficial tissues suitable filtration the ar-ra> beam js made 
more homogeneous and, as with such radiation, there is less absorption 
b\ superficial tissue, there is a more uniform mtensiU throughout the 
deeper tissues I iltration is tliercfore, indicated m the treatment of 
subcutaneous tumors and nodules, such as erNihema mduratum, sar- 
coid, certain t\pes of epithelioma and sarcoma tuberculous adenitis 
etc Also diseases in which the pathologic tissue is of considerable 
\olume— keloid, epithelioma, etc 

It has been said tliat filtered ic-ra\s are ad\antageous in all but the 
most superficial dermatoses (Gunsett Regaud and Nogier and others) 
MauN roentgenologists a\er that filtration when emplo\ed m diseases 
of the appendages— acne vulgaris svcosis, lupendrosis, etc— will 
effect the desired result with less injury to the normal skin than is the 
case w ith unfiltercd raj s 1 he theorj is that the appendages, being 
situated fairh deep m the true skin, should be exposed to radiation 
from which has been removed the wave lengths that will be entirelj 
or mostlv absorbed bv the epidermis and superficial part of the derma 
wave lengths ordmarilj used in practice it is doubtful if there 
are manj wav e lengtlis that are completelv stopped bv the epidermis 
and papillarj bodj Even in eases of radioderraatitis due to verv 
long wave lengths the microscope shows the true skin injured to 
its full depth the active ulceration of the more superficial tissue 
being 'rlargelj if not entirelj due to vascular changes and not to the 
direct action of the radiation on the cellular element of the epidermis 
Certainlj the x-rajs from an ordinarj roentgen bulb never effect the 
exceedinglj superficial reactions that art caused bv the secondarv 
radiations from lead or those produced bj the beta ravs of radium 
The nearest approach to such superficial reactions is seen when an 
X raj^ tube is placed in contact with or within a few centimeters of 
the skm The so called grenz rajs effect a verv superficial reaction 

As indicated in previous chapters, distance is an important factor 
when It is desired to obtain a more even distribution of intensitv 
throughout sev eral centimeters of tissue Of course the same theory 
holds true for a few millimeters of tissue as w ell as a few centimeters 
of tissue With the glass wall of the tube wathin a few millimeters 
of the skin there w ill be more absorption of radiation bv the first few 
lajers of tissue than when the tube is placed at the usual working 
distance of 8 or 10 inches 
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It cannot be denied that ^vith filtered radiation there is a more equal 
distribution of intensity throughout the few millimeters of tissue com- 
prising the normal derma, and that, theoretically at least, such radia- 
tion IS indicated ivhen it is desired to influence the appendages that 
lie m the middle or lower part of the true skin. 

In practical work it is possible that a filter is preferable in all but 
the most superficial diseases, but no one has yet proved this to be 
the case, ^t us apply the theory to some definite disease, hyper- 
trichosis In this condition it is necessary to effect a permanent loss 
of hair To do this requires permanent atrophy of the hair follicles. 
Aaturally one prefers to accomplish the desired result without visible 
injury to the skin as a whole. At finst thought it would seem advis- 
able to use filtered hard” rays with the tube at a distance so as to 
avoid a relatively high absorption of radiation by the epidermis and 
upper derma. But this does not seem to give much, if any, better 
results in practice than do unfiltered ra 3 's with kilovoltage between 80 
and 100. Bhe explanation is possibly that with such thin tissue the 
clinerence in absorption for the first few la^mrs is not very great for 
unnltered and filtered radiation when the roentgen tube is at a distance 
of at least 8 inches and the kilovoltage is at least 80, More impor- 
tant, perhaps, is the fact that no matter what quality of radiation 
IS used, the follicles must be destro^md. And, in spite of the fact 
that the hair follicles are more susceptible than is the surrounding 
connective tissue to the effect of radiation, when a sufficient amount 
of an 3 quality of radiation has been absorbed b}’’ the follicles to effect 
their permanent destruction, the other structures show degenerative 
changes that will lead to sequelae. 

In our^ experience it has been difficult to ascertain the real value 
or faltration in diseases that affect only a few millimeters of tissue 
ecause the results have appeared to be the same with both filtered 
and unfiltered radiation. It is, of course, quite a different proposition 

V . ^ ^ ® ^^6 dealing with pathologic tissue of considerable depth or 
with subcutaneous diseases, 

vnth filtered and unfiltered z-rays, in symmetrical 
superhml eruptions or in lesions of a size that permit one-half being 
e^osM to filtered and the other half to unfiltered rays, seem to show 
t at there is little ff anj' difference in efficac^q providing the quantity 
is^ the saine in each instance. This may not be true for all superficial 
diseases, but yerj’’ little difference was noted in such diseases as 
mycosis fungoides, acne, psoriasis and eczema. If this work can be 
corroborated by others, it will tend to indicate that quality is for the 
most part less important than quantity in superficial therapeutic work, 
bhockproof apparatus is rapidly replacing non-shockproof ma- 
chines, and it Ls the apparatus of the future. Part of the outfit con- 
sists of an oil-immersed a;-ray tube. The radiation passes through a 
T- ^ laj'er of .some material such as aluminum, 

Lnhftered radiation cannot be obtained from an outfit of this kind. 
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It IS our opinion tint Iightlx filtered x-ra>s (0 25 mm iluminiim, for 
exmiiple) art ns eflicncious m cutaneous diseases as are unfiltered 
X'•ra^^> ^^e lii\t and irc using both t\|)es of apparatus, our results 

are the «amc with each 

^^hat has been ‘said of the x-ra\ s relatn c to filtration can be applied 
to radium but onK m respect to tlie gamma ra\s The beta ra^ s are 
for the most part stopped ba a few millimeters of human tissue 
Turthermore, the\ are e\tremeK actue ionizers and exert a profound 
influence upon superficial tissues ^Yhen appKing radium for deep 
effects It Is essential that the beta ra\s be cntirel\ eliminated This 
can be accomplished b\ suitable filtration Two or 3 mm of lead or 
from 1 to 1 5 mm of platinum will cut out all but the most penetrating 
gamim ra\s thus making the radiation fairh homogeneous The 
usual screen i-s 0 1 or 0 2 rnm aluminum when it is desired to utilize 
beta ra\s Such a screen eliminates the ‘ soft ’ beta ra\s Otherwise 
It i3 cUbtomar\ to filter with 05 mm siber 1 mm brass and 1 mm 
aluminum or with 0 o min platinum 

Unfiltered beta ra\s are reduced to about C per cent of their original 
mtensitx after passing through I cm of human tissue (Colwell and 
Kuss) Two-tenths millimeter of aluminum will eliminate the “soft' 
beta rajs and tlie \er\ ‘ ‘=oft gamma raas B\ such screening and 
sufficient exposure it is possible to obtain a pronounced direct beta- 
ra\ effect to a depth of several millimeters Normal skm ranges m 
thickness from 1 mm to perhaps 5 mm In disease this thickness 
\ anes from 0 25 to 4 cm It is obvious tliereforc, that the thickness 
of tissue IS of considerable importance when beta rajs are emploved 
It would seem advisable when emploving radium to use alwavs at 
least a verv thin screen— 0 1 mm aluminum— even for the treatment 
of superficial conditions (For further details consult Clnptera VII 
VIII \ and WII ) 

Tlius far we have not been favorablv impres'^cd with results obtained 
w ith radon ointment, radium clement pads and thorium \ 

TREATMENT OF THICK LESIONS AND DEEP-SEATED 
LESIONS 

For detailed information relative to the treatment of thick and 
deep-seated lesions, the reader is referred to the preceding paragraphs 
of this chapter— also to preceding cliapters It is obv lous that there are 
several wavs m which intensity can be increased in the deeper tissues 
without subjecting the superfiaal tissues to increased radiation — fil- 
tration, cross fire increase of distance dehematization and implants 

DISTANCE 

The operator should take note of the important fact that errors in 
dosage resulting from errors made m measuring distance are far more 
serious for small distances tlian for great distances For example, if 
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the dose at 6 inches is taken as a unit and tlie opeiator makes an 
error of 1 inch in tlie distance, making it 5 inches instead of 6 inches, 
then the dose received at 5 inclies is actually -jy of tliat at 6 indies or, 
since intensity at 6 indies is taken as a unit, it is 1.44 units That is, 
the dose is increased by 44 per cent due to tlie error of 1 indi. Now 
suppose a certain dose at 12 inches is taken as a unit and tlie operator 
makes the distance 11 inches instead of 12 indies, tlie actual dose will 
also be mcreased, but in the ratio of compared to tliat 

at 6 inches That is, the dose wall be 19 per cent too great. It is tlius 
seen tliat the same error in distance— 1 indi in eadi case— makes 
an error in dosage of 44 per cent at 6 inches and only 19 per cent at 
12 inches. 


QUALITY AND QUANTITY. 

It has been the opinion of most roentgenologists, and it is still tlie 
opinion of many, that there is a pronounced difference m the biologic 
and theiapeutic value of .-c-rays of varying degrees of penetrability 
(“hardness”) Some are of the opinion that “soft” rays are especially 
indicated m the treatment of superficial diseases. Schultz and others 
endeavor to select a quality that will be absorbed most readily by 
tissue of a ceitain specific gravity— hence his advocacy of “very soft” 
and “over soft” radiation. We have not been able to confiim these 
findings and opinions. The effect, as. evidenced by cutaneous reac- 
tions, is always the same if the dose is sufiicient, regardless of quality. 
At least this is true foi a spark-gap range from 9 down to 3 inches 
(140 to 60 kv ) 

Experiments with .a-rays of varying quality m the treatment of 
symmetiical cutaneous eruptions so far seem to indicate that the 
theiapeutic result is much the same regardless of tlie penetration 
(wave length) providing the dose is correct In other words, the 
therapeutic effect in superficial conditions seems to depend more upon 
quantity than upon quality 

EFFECT OF RADIATIONS ON LESIONS AT A DISTANCE. 

It occasionally happens tliat when treating one or a few lesions of 
an eruption, other unexposed lesions will undergo involution. Sibley, 
Fox and others aver that this is a common phenomenon. Occasionally 
one sees several common warts disappear as the result, apparently, 
of the irradiation of one lesion. This also happens occasionally in the 
treatment of other diseases, such as psoriasis, lichen planus, and 
mycosis fungoides The same phenomenon has been noted when 
other forms of treatment have been employed. In this connection 
it must be admitted that all these diseases may undergo spontaneous 
involution As mentioned m a preceding chapter, acne vulgaris of 
the face can be cured by irradiating one side of the face, but acne 
of the back and chest remains unaltered. 
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RADIUM VERSUS ROENTGEN RAYS 

There tppears to be little if nnj difference bet^^een the biologic 
and therapeutic action of x-rajs and gamm'i rajs of radium The^ 
seem to be equall\ efficacious regardless of tlie disease providing 
conditions are as suitable for the one as for tlie other Gamma rav s 
can be used m locations that are inaccessible to x-ra\s— moutli, nose, 
vagina and external auditorj canal Radium can be placed m needles 
and radon raaj be placed in gold seeds, which in turn are mserted into 
a tumor Small, suitably screened radium applicators can be placed 
all over and around, and even into a large superficial growth And 
m manj other w aj s radium can be so manipulated as to obtain a better 
result than could be had with the x ravs On the other hand, the 
z-rajs are more suitable and more efficient m generalized dermatoses, 
or for the treatment of diseases that cover large areas For various 
practical reasons radium is more suitable in one case while x-rajs will 
be found more suitable in another Time consumption is an import- 
ant factor Anj practical amount of filtered x-ravs for cutaneous 
diseases can be given in a few minutes if so desired The time of 
exposure for gamma ravs wall depend upon the amount of radium m 
the applicator— It is hkelv to be hours Expense is another item 

There is some difference between the results obtained with the beta 
ravs as compared witli x-ravs and gamma rajs The elevated tjpe 
of nevus vasculosus (straw berrj mark) often disappears rapidh fol- 
lownng applications of beta ravs of radium liave never seen 
such rapid involution in angioma of tins tjTic subsequent to roentgen- 
ization Beta rajs are perhaps more efficacious for leukoplakia 
Thev are preferable m the treatment of some of the keratoses In all 
other diseases the effect of the two agents stems to be verj much 
the same 

RADIOLOGIST AND DERMATOLOGIST 

Radiologv as a broad subject, os an art and science, has been devel- 
oped bv phvsicists, biologists, radiologists and dermatologists Pro- 
gress has been so rapid and v ersatile that it has been almost impossible 
for anv one person to master the entire subject Consequentlj we 
now have phjsicists and biologists who devote most of their time to 
radiology The work is also vei^ interesting to chemists pathologists 
cytologists bacteriologists etc In the practical field radiologv is 
divided into roentgenography (diagnosis) deep roentgen therapy, super 
ficial roentgen therapv and superficial and deep radium therapv Manv 
men are limiting their diagnostic efforts to one portion of the bodv — 
head chest abdomen etc Some confine their therapeutic endeavors 
to the x-ray or radium treatment of cancer 

Practical cutaneous radiology has been dev eloped by dermatologists, 
and It IS an integral part of dermatology The dermatologist makes 
the diagnosis, and he knows whether or not a given dermatosis is 
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the dose at 6 inches is taken as a unit and tlie operator makes an 
error of 1 inch in the distance, making it 5 inches instead of G inches 
then the dose received at 5 inches is actually of that at 6 inches or, 
since intensity at 6 inches is taken as a unit, it is 1.44 units. That is, 
the dose is increased by 44 per cent due to the error of 1 incli. Now 
suppose a certain dose at 12 inches is taken as a unit and the operator 
makes the distance 11 inches instead of 12 inches, the actual dose will 
also be increased, but in the ratio of or 1.19, as compared to that 
at 6 inches. That is, the dose will be 19 per cent too great. It is thus 
seen that the same error in distance — 1 inch in each case — makes 
an error in dosage of 44 per cent at 6 inches and only 19 per cent at 
12 inches. 


QUALITY AND QUANTITY. 

It has been the opinion of most roentgenologists, and it is still the 
opinion of many, that there is a pronounced difference in the biologic 
and therapeutic value of ar-rays of varying degrees of penetrability 
(“hardness”)* Some are of the opinion that “soft” rays are especially 
indicated in the treatment of superficial diseases Schultz and others 
endeavor to select a qualit}'- that will be absorbed most readily by 
tissue of a certain specific gravit}’^— hence his advocacy of “very soft” 
and “over soft” radiation. We have not been able to confirm these 
findings and opinions. The effect, as evidenced by cutaneous reac- 
tions, is alwa}^ the same if the dose is sufficient, regardless of quality. 
At least this is true for a .spark-gap range from 9 down to 3 inches 
(140 to 60 kv.) 

Experiments with a-rays of varying quality in the treatment of 
symmetrical cutaneous eruptions so far seem to indicate that the 
therapeutic result is much the same regardless of the penetration 
(wave length) providing the dose is correct In other words, the 
therapeutic effect in superficial conditions seems to depend more upon 
quantit}' than upon quality. 


EFFECT OF RADIATIONS ON LESIONS AT A DISTANCE. 

It occasionally happens that when treating one^ or a few 
an eruption, other unexposed lesions will undergo involution. Sibley, 
Fox and others aver that this is a common phenomenon. Occasionally 
one sees several common warts disappear as the result, 
of the irradiation of one lesion. This also happens occasional y m e 
treatment of other diseases, such as psoriasis, lichen planus, an 
mycosis fungoides. The same phenomenon has been no e ^ 
other forms of treatment have been employed. In this 
it must be admitted that all these diseases may undergo ^P°^ ^ . r 
involution. As mentioned in a preceding chapter, acne ^ u g 
the face can be cured by irradiating one .side of the face, 
of the back and chest remains unaltered. 
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RADIUM VERSUS ROENTGEN RAYS 

There appears to be little if inj difference between the biologic 
and therapeutic action of ar-rajs and gamma njs of radium The^ 
seem to be equalK efficacious, regardless of the di<5ease, providing 
conditions are as suitable for the one as for the other Gamma ravs 
can be used in locations that are inaccessible to x rajs— mouth, nost, 
vagina and external auditory canal Radium can be placed in needles 
and radon may be placed m gold seeds, which in turn are inserted into 
a tumor Small, suitably screened radium applicators can be placed 
all over and around, and even into a large superficial growth And 
m manj other w ay s radium can be so manipulated as to obtain a better 
result than could be had with the ar-rajs On the other hand, the 
X rav s are more suitable and more efficient in generalized dermatoses, 
or for the treatment of diseases that cover large areas For various 
practical reasons radium is more suitable in one case while x-rays will 
be found more suitable in another Tune consumption is an import- 
ant factor Any practical amount of filtered x ravs for cutaneous 
diseases can be given m a few minutes if so desired The time of 
exposure for gamma tajs will depend upon the amount of radium in 
the applicator— It is likeh to be hours Expense is another item 

There is some difference between the results obtained with the beta 
ra>s as compared with x-ravs and gamma ravs The elevated t>pe 
of nevus vasculosus (straw berrj mark) often disappears rapidlj fol- 
lowing applications of beta ravs of radium We have never seen 
such rapid involution in angioma of this tvpc subsequent to roentgen- 
ization Beta rajs are perhaps more efficacious for leukoplakia 
Thev are preferable m the treatment of some of the keratoses In all 
other diseases the effect of the two agents seems to be verv much 
the same 

RADIOLOGIST AND DERMATOLOGIST 

Radiologv as a broad subject, as an art and science, has been devel- 
oped bv phvsicists, biologists, radioloysts and dermatologists Pro- 
gress has been so rapid and versatile that it has been almost impossible 
for anv one person to master the entire subject Consequentlv we 
now have phjsinsts and biologists who devote most of their time to 
radiologj The work is also verj interesting to chemists pathologists 
cjtologists bacteriologists etc In the practical field radiologv is 
divided into roentgenographj (diagnosis), deep roentgen therapj super 
ficial roentgen therapj and superficial and deep radium therapj Manv 
men are limiting their diagnostic efforts to one portion of the bodj — 
head, chest, abdomen etc Some confine their therapeutic endeav ors 
to the z raj or radium treatment of cancer 
Practical cutaneous radiologj has been dev eloped bj dermatologists 
and It 13 an integral part of dermatologj The dermatologist makes 
the diagnosis, and he knows whether or not a given dermatosis is 
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amenable to a:-rays or radium. He is acquainted with indications, 
contraindications, comphcations, sequelae, etc. He knows how much 
radiation to apply, when to begin, when to stop, and what results to 
expect, he knows, also, how to estimate the dose In other words, he 
is an expert in the use of radium and .r-rays for skin diseases. Cuta- 
neous radiology belongs to dermatology, and it is in the hands of 
dermatology, and there it will remain if dermatologists ^^^ll keep in 
touch with the progress that is being made by physicists, biologists, 
morphologists, chemists and practical radiologists 

EQinPMENT. 

We receive many requests for advice from those who are about to 
equip a dermatologic office or clinic, especially relative to a:-Tay 
apparatus. Shockproof apparatus, with thermionic rectification, is 
the apparatus of the present and future We advise such equipment. 
Self-rectifmng tubes are used by some dermatologists, but the prefer- 
ence is for thermionic rectification with the tube surrounded by cir- 
culating cooled oil. Such an outfit permits hea^w current and long 
exposures without overheating the tube. 

Non-shockproof units are being used by many and will remain in 
use for a number of years In some, the rectification is mechanical; 
in others it is thermionic. So far as therapy is concerned the results 
are the same with all these tj'pes. Mechanical rectification may inter- 
fere with near-by radio reception. Thus far the lasting qualities of 
the shockproof cables have not been all that can be desired. Pre- 
sumably this and other faults will be corrected in the near future. 
With a shockproof unit there is no danger of electric shock It is 
advisable to deal with an established manufacturer who can supply 
reliable senfice at short notice. 

It is advisable to have a transformer that will generate at least 
80 kv. ; preferably 190 kr. This will suffice for unfiltered therapj" and 
also for lightly filtered therapy. Naturally, with such apparatus, the 
time factor is considerable when the filter consists of several millimeters 
of almninum. If much filtered work is contemplated, ■ndth more than 
0.25 or 0.5 mm. aluminmn, it is preferable to have apparatus that will 
supply up to 120 or 130 k\'. 

Illustrations of apparatus are not in this book. They can be ob- 
tained from various manufacturers. 

Protection is discussed in Chapter XI\'. The exact set-up will 
depend upon the t^'pe of apparatus. Greater protection is required 
for non-shockproof than for shockproof units. With the former 
it is advisable for the room to be at least 12 feet square. The ceiling 
should be high so as to accommodate the overhead high-tension line. 
Many dermatologists protect themselves by standing behind a lead- 
lined screen. Such protection has been proved adequate for super- 
ficial work, especially with shockproof apparatus, and even with the 
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older units, but it is inadequate when much filtered therapj is used or 
when a great man> daiK treatments are gi\en Regardless of tape 
of apparatus, the ideal is for the room to be lined with lead or other 
impera ions material ind for the controls to be located outside the room 
The operator watches the patient and apparatus through a window 
of thick lead glass 

As stated in preaious chapters, intensitv must be estimated in 
roentgens bj the ionization method At least the technic should 
be checked at frequent interaalsbj means of an ionization dosimeter, 
protection should be checked occasionally b> the same means the 
aoltmeter calibration should be checked occasionallj and also the 
waae length or qualitj bj the half-\alue laaer method It is not 
necessarv for e\en dermatologist to possess the necessarv instru- 
ments, knowledge and skill for this purpose But there should be at 
least one person m e\ er\ urban center and in e\ erj countj or state, m 
which there are no large cities, who can and will suppU this service 
There is no good reason wh\ the dermatologist should not do it himself 
!Most dermatologists ha^e one radium applicator of the flat type 
Some have se%eral applicitors of various sizes and shapes Such 
applicators are of verj Imiited therapeutic value but the\ are useful 
One small, half strength flat applicator w ill suffice for the dermatologist 
proMded he has a number of radium needles which can be used for 
interstitial irradiation or combimd into an applicator for external 
irradiation at a distance of 1 or 2 cm In fact it is not necessary toda\ 
to own anv radium The dermatologist can rent radium applicators 
of anv tvpt or he can purchase or rent radon m anv amount and in 
an\ tvpe of applicator, regardless of where he resides The principal 
thing is for the dermatologist to know how, when and whj radium 
and radon should be emplo\ ed Protection for the operator m radium 
therapv is giv en m detail in the ch ipter on Radium Technic 
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more chronic forms of the disease At times improvement is rapid, 
but very often this type is stubborn. 



Fig. 126. — Same patient shown m Fig. 125, after 12 weekly (unfiltered, 75 r) applications 


Acne Erythematosa — Erythematous acne is seen mostly in females 
who have gastro-intestmal or menstrual disturbances It consists of 
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comedos and superficial pustules and more or less erjthema of the 
entire face and at times the back and chest This is hkel> to be 
associated nith definite remissions and exacerbations A -rajs ma\ 
not be a\ell tolerated and should be applied cautioush 

4cne Indurata —In this t\pe the disease is usually of long standing, 
the pustules are large and deep seated, frequentU indolent and cjstic 
The skin is likelv to be sallow and e\cessi\eh oiK Disfiguring scars 
are present The skin in this tjpe supports ar-ni treatment well and 
the results as a rule are excellent 

Mode of Action of X-rays in Acne Vulgans —It was once considered 
that the effect of radiation in acne \ulgaris was due to the inhibition 
of the oaeractiMtj of the sebaceous glands There haie, howeier, 
been some ini estigations which suggest that the result of radiation 
ma\ be due to other factors ^ile^ treated 40 patients with acne 
lulgans with routine a:-n\ treatments to one side of the face and 
placebo treatments to the other side In 20 the untreated side im- 
proaed as much as the treated side and in 19 of these the untreated 
side was either entireli cured or almost so These findings were later 
confirmed ba Polano ind b\ Kline ind Gahan These results ma\ 
ha^e been dut to the liberation of the protects e and defensiie sub- 
stances denied from the destroied infiltrating limphocites This is 
what Desjarains belieies to be the cause of the improi ement following 
radiation of infiammatori conditions as the K mphoci tes are especially 
susceptible to radiation Se'enl inicstigators baie confirmed the 
fact that a:-rais do not Inie a bactericidal effect m acne or other 
pustular dermatoses 

Ihere is also a question as to how much effect is obtained from 
accidental irradiation of the thiroid gland In a series of patients 
whom we treated with tw<he to sixteen weekh doses of filtered 
ar-rd>s (3 mm A1 125 r) to the thsroid onl\ the face being completeh 
shielded with heass lead there was distinct improsement in a fairly 
large percentage and in some a complete cure Sulzberger has used 
this method with success in seven! private patients who failed to 
respond to a course of x-ra\ treatments localK to the face These 
results mav theoreticalh be explained bv the assumption that the 
amount of iodine secretion (which is normallv physiologically increased 
at puberty) is lessened and that at least in some cases the acne is the 
result of irritation of the pilosebaccous apparatus by iodine 

Advantages of Roentgen Treatment — ^^'blle the x-ra\s are one of the 
most efficacious therapeutic agents we have for the management of 
acne vulgans vet this method of treatment has been and is being 
abused The abuse lies in the lack of proper care in the selection of 
cases, the administration of excessive dosage and the failure to recog- 
nize and ov ercome possible constitutional etiologjc factors 
It IS neither necessarv nor advisable to treat everv case of acne 
vulgaris with the x ravs A new topical remedy knowm as mtraderm- 
sulphur has been dev eloped for the treatment of acne \ ulgans With 
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this remedy, plus attention to possible causal or contributory consti- 
tutional factors, it is possible to obtain approximately 90 per cent cures 
in imselected cases vrith a low percentage of recurrences These results 
compare favorably with those obtained with a:-rays. A detailed article 
on this subject by jSIacKee, Wachtel, Karp and Herrmann was pub- 
lished in the Jommal for Investigative Dermatology in the fall of 1945. 

The a:-rays, if properly apphed and combined with other means of 
combating the disease, ofier a treatment that is associated •«nth safety 
and a reasonably prompt and permanent cure. It is possible to cure 
a case of acne vulgaris in one treatment by giving at one sitting a 
quantity sufficient to effect an erythema. Such treatment, however, 
cannot be too severely criticized and condemned Treatment applied 
in a manner that is safe will effect a permanent cme with a satisfactory^ 
degree of certainty in three or fom months, providing that the patient 
receives proper medical advice and treatment. Roentgen treatment 
ob%'iates the necessity of using local remedies that are temporarily 
disfiguring and troublesome and one does not have to depend upon 
the conscientiousness of the patient. ^Miile such treatment neces- 
sitates more frequent visits and additional expense, the probability of 
a permanent cure in a few months, together with the absence of un- 
pleasant local remedies, is ample reason in the minds of many patients 
for the institution of roentgen therapy. 

In 1934. ISIacKee and Ball published their statistics on 5376 cases 
of acne •vulgaris seen in t^'enty years of private practice and eight years 
of clinic practice Of this number, 606 patients received a:-ray treat- 
ment and the final result was determined : 


Climtal results. 
Cured^ . 

Very much improved 
Much improved 


Pri'. ate 

132 — 40 6 per cent 
8S— 27 0 
4S— 14 7 


Clinic 

105 — 35 4 per cent 
76—27 0 
39—13 8 


Total 


82 3 


79 2 


Improved 
Sh^tly imprcrs ed 
Failure , 


41 — 12 6 per cent 
S— 2 4 
8— 2 4 


42 — 14 9 per cent 
7—2 4 
9— 3 2 “ 


Total 


4 8 


5 6 


tt 


t TTcenty-four patients m cured group had ten ut-ray treatments or less 


About 41 per cent of the private patients were permanently cured 
in four months or less, 27 per cent were practically cured, and in about 
15 per cent the disease was moderately active at times. This gave a 
satisfactory result in about 83 per cent of the patients, about 12 per 
cent received some benefit, while there was complete failure in only 
5 per cent. The results in the clinic patients were only slightly less 
satisfactory; 29.5 per cent of the private patients and 32.7 per cent 
of the clinic patients relapsed within a year or two Because of the 
31 per cent recurrences, it was necessary' to reduce the percentage of 
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the permanently satisfactory results to 52 per cent These figures 
corresponded almost exactlv \sith our 192/ statistics (see 3rd edition, 
p 409) There n ere no untow ard results The patients receii ed the 
routine x ray treatment for acnc \ ulgaris and the cures resulted from 
w eekly treatments o\ er a period of from six w eeks to four months 
Behsario reported on 102 cases of acne vulgaris treated with \ 
ery'thema do'ie of radiation unfiltered or filtered with 0 3 mm of 
aluminum He obtained clinical cute with onlv eight doses in about 
90 per cent In a further 10 per cent, four additional doses were 
required after a rest period of one month In 10 per cent of the 
patients who received only eight treatments relapses occurred within 
twelve months These were improved by four additional treatments 
of \ erv'thema dose 

Smith obtained 130 satisfactory rebults m a senes of 109 cases, 
23 patients were substantially improved, there were 10 failures 

Indications for Roentgen Treatment are to obtain a permanent cure 
as quicklv as possible and to avoid the use of unpleasant local applica- 
tions In this connection there is another important point In types 
of acne vulgaris such as acnc nidurata when the disease mav be 
recalcitrant to other metliods of treatment and where the disease 
consists of deep-seated destructive lesions everv additional week of 
the disease means a few more scars Unless such cases arc cured 
promptly the scarring is exceedingly disfiguring If, therefore a case 
of acne vulgaris does not improve with reasonable promptness under 
conventional dermatologic remedies and general medical attention 
and especiallv if the lesions arc c vusmp scats the institution of roent- 
gen therapv is indicitcd Even in the absence of scarring it is not 
proper to allow the disease to continue for main months beciuse in 
such instances the skin is hkelv to become coarse and oilv There 
fore it mav be said that if acne vulgaris does not steadiiv improve 
under the influence of dermatoli^ic treatment z-rays are indicated 
The practitioner might well ask if x rav therapy as used m acne v ul- 
garis constitutes a safe and reason iblv certain method of treatment 
why not apply such treatment m cverv case’ The answer first, 
it IS possible for the expert dermatologist to cure the disease without 
the aid of the x rays and, second, because m some hands the x-rays 
do not constitute a safe method of treatment 
Not only must one know how to use the x-ray s but one must know 
when to use them The treatment may be employed to advantage m 
all the chronic tvpes but it should be delayed in the acute tvpes until 
the acute svmptoms have subsided rurthermore one must know 
when to discontinue the treatment To cure the di<5ease completely 
t e , to prevent the appearance of even an occasional lesion might in 
manv instances require irradiation to the point of injury to the skin 
Such treatment is unnecessary and inadvasable 
It IS the consensus of dennatologists that x-ray therapy should not 
be used m very young patients, no matter how severe their acne until 
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stubborn and if one persists m depending largeh or >\holl\ on the 
a'-ra\s, the skin ^ln^ be Msil)l\ injured 
\erv mild cases of acne patients who ah\a\s ha^e a ^er\ few 
comedos and an occasional pustule, are more stubborn, as a rule, 
than are the more se\ere examples of the disease \-ra^s must be 
emploxed tautiousK m such cases and if the disease is not arrested in 
three or four months it is ad\ isable to depend upon some other form of 
treatment 

The so-called seborrheic acne is a troublesome t\pe The eruption 
consists of xerj few comedos, an occasional pustule, numerous nodules 
and excessixe oiliness Here, too, the tcndencx is to depend too much 
on ar-rax treatment and persist too long m its use 

After acne xulgaris has disappeared there max still be some oil> 
seborrhea, a xerx few comedos and a coarse skin due to large follicu 
lar orifices It is preferable that some treatment other than x raj s 
be applied to iraproxe or cure such conditions 
Occasionallx , patients acquire the habit of picking tx er\ little elex a- 
tion in the skin The habit becomes almost a mama This condition 
xxhich is known as neurotic excoriations must be differentiated from 
acne xulgaris, or, if it is associated with acne, tlien this element should 
be recognized and attempts made to correct the habit 
This condition is a compulsion neurosis xxhtcli should be treated bj 
psx chotherapj In onlx a few instances will it respond to radiation 
and if one persists in this treatment, undesirable sequelre maj occur 
Supporting Treatment —It is possible to cure acne xulgans with the 
ar-raxs xxithout anx other treatment, but such a procedure is net 
adx isable The object should be to effect a prompt complete and 
pennanent cure w ith as little x-rax treatment as is possible Possible 
sxstemic causal factors should be detected and corrected xxhen thex 
exist 

Systemic —Although for inanj jears it xxas the custom 

to prescribe a low-carbohjdrate diet, it has been shoxxn bj Tauber and 
Crawford and Swartz and Sutton that, on the contrarj a high-carbo- 
hjdrate diet is of benefit m acne and other pustular dermatoses It 
IS desirable to eliminate fats It is adx isable to prohibit the ingestion 
of iodides and bromides 

If there is a tendenej toxvard rosacea or if the acne is of the mflam- 
matorj tj pe, the list of prohibited substances should include tea, coffee, 
alcohol and spices 

The bowels should moxe freelj at least once a dax If there are 
indigestion or intestinal troubles, these should be corrected Focal 
infections should be sought for and corrected 
Masturbation and sexual excess must be ax oided The menstrual 
function and gemto-urmarj tract should receive attention Some 
patients, especiallj girls with menstrual disturbances are benefited by 
sex hormone therapj 

Stock and autogenous vaccines and staphj lococcus toxoid max be 
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of service in acne pustulosa and acne indurata. Vitamins and liver, 
iron or arsenic, either by mouth or injection, may be helpful, especially 
in patients with associated secondary anemia. 

Local Treatment— It is not advisable to employ irritating and stim- 
ulating remedies such as sulphur and mercury ointments, lotio alba, 
resorcin lotions, etc., m conjunction with .T-ray treatment. A 10 per 
cent ointment of zinc oxide may be used with advantage. The affected 
parts should be washed daily with soap and water. It is advisable 
to remove the more conspicuous comedos and evacuate the larger 
pustyles at each visit. If efforts in this direction are too strenuous, 
however, the disease may become Avorse and unnecessary scarring may 
be produced. 

Erythema doses of ultraviolet rays and excessive exposure to sun- 
light are not advisable Avhile the patient is receiving .r-ray treatment. 

Relapses.— In spite of every precaution relapses will occur. The 
percentage varies among different roentgenologists and dermatologists, 
but it should not be greater than 30 per cent A relapse may denote 
some important internal factor that has not received proper attention 
—masturbation, intestinal auto-intoxication, faulty diet, a focus of 
infection, endocrine imbalance, hormone disturbances, anemia, etc. 
A relapse may occur within a few months or not for a year or two. As 
a rule it is mild but occasionally the relapse may be much Avorse than 
the original attack. 

After the completion of a course of sixteen Aveekly .r-ray treatments 
it is advisable, in case of recurrence or incomplete cure, to depend 
entirely upon conventional dermatologic therapy. 

Techme.— We prefer and adAUse Aveekly treatment. The dose is 
75 r of unfiltered .r-ray s applied once Aveeldy to the affected areas. 
The kilovoltage ranges from 80 to 100, depending upon the type of 
apparatus used The effective Avave length is approximately 0.68 
Angstrom unit The approximate millimeters of half-Amlue layers in 
aluminum is 0 571 Most patients Avill toleiate such treatment over 
a period of three or four months Avithout the slightest reaction. If 
a cure is not effected in four months it is adAusable to discontinue 
r-ray treatment The treatments should be stopped as soon as the 
skin IS clear, even if only a feAv have been given There is no evidence 
that continuation of the treatment Avill prevent a relapse. 

A feAv patients aviII not tolerate this dosage Loav tolerance is 
encountered at times in patients Avith acne pustula and acne erythem- 
atosa and also in young females Avith a fair, fine-textured, highly- 
colored skin. In such instances 38 r may be given Aveekly 

It IS a good plan to test the patient’s tolerance for .r-rays before 
beginning the course of treatment For this purpose we einploy 
two contiguous areas of skin, each 1 square inch m size, on the inner 
surface of the thigh. Exposures of 75 r and 150 r are made. AIIoav- 
ance must be made for the fact that, because of the scattered radiation, 
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the effect will be 'ibout 25 per cent greater when treating large areas 
like the face as compared to the small areas used for testing tolerance 
In all cases the operator should watch carefulK for the slightest 
e\idence of ervthema and at the least sign of such occurrence the 
treatment should be interrupted for tw o or three w eeks and then recom- 
menced with smaller doses 

As a routine, it is customary to make two exposures to the face at 
each sitting The anode is placed directlj o\er the outer end of the 
zjgoraa of first one side of the face and then tlie other side Witli the 
patient in the recumbent position tlie face is placed so tliat tlie plane 
of the irradiated surface is at right angles with an imagmarv line 
extending from the anode to the skin This will allow tlie radiation 
to spread o\er one side of tlie face and the side of the neck Tlie 
oblique rajs from the two exposures will o\erIap on the forehead, 
nose and chin \\ hile this method does not pronde equal dosage o\ er 
the entire face it answ ers practical requirements 
In some patients with lesions entircK or chiefiv on the center of the 
face it IS ad% isable to appl ^ 75 r to the front of the face alone 
When treatmg the face the c\es, e\cbrows scalp, ears and chest 
must be protected with lead foil or other suitable material It is 
ad\isable to protect the lips 

If the chest is affected it is preferable to treat it separately If 
the eruption is limited to the chest one exposure w ith the anode o\ er the 
center of the sternum will suffice, care being taken to shield the face 
and neck If the eruption is on the anterior surfaces of the shoulders 
and arms two exposures are nccessars the anode being placed first on 
one side and then on the other side Tlie tube ma\ be placed ONer 
a horizontal line drawn through the nipples and each treatment must 
be at least 12 inches apart A distance of 14 inches between the per- 
pendicular anode-skin lines for the two treatments is preferable It 
IS important not to ha>e tins distance less than 12 inches The arms 
are placed alongside the thorax in such manner that their anterior 
surfaces W'lll be on a le\el with the anterior surface of the chest Ihe 

oblique rajs are allowed to o\erlap at the center of the chest The 

face and neck should be protected Occasionally it is necessar\ to 
give separate exposures to the external surfaces of the arms 
Tw o exposures w ill usually suffice to co\ er the upper back, the back 
of the neck and the postenor surfaces of the shoulders and arms 
The anode is placed 1 or 2 inches mesially to tlie posterior axillary 
folds, the arms are held agamst the sides of the body , the scalp is 
co\ered with lead foil The oblique rays from tJie two exposures are 
allowed to spread over the back and the nucha Here too the expo- 
sures must be at least 12 inches apart If the entire back is in\ oh ed 
reasonably equal exposure can be obtained by focusing the anode o\ er 
two points on the upper back 12 inches apart and o\er a third point 
on tlie lower back 12 inches from a point half wa^ between those on 
the upper back 
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Possible Dangers. —With caution, jud/^;ncnt, and modern technic 
there ib iittJc, ii any, danger o) a hrbt-degree reaction. Without an 
eiytherna it ib exceedingly doubtful if it ib pobbibJe for telangiectasia 
to de\'^e]oji. Jn the 5>-ray treatment of well over .5000 cabCb of acne 
vulgari-? in office and clinic, we have not ha^I a single example of ladio- 
dermatitib or telangiectabib oi atrophy. 

' Jf the tieatment i^ continued for too long a time (over four months) 
there may develop .slight w; inkling and dryness. (I’lie diyness usuall}'^ 
disappears in a Jew months due t/j regeneration of the appendages 
but wiinkling is more likely Uj be permanent. In this connec'tion it 
should be interjected that arme may cause wrinkling independent of 
treatment, and that atrophy frojn any cause may not lead to wrinkling 



J JO lif'r tne JcMoat- aa'i ' >'ry .stn/T'* iJJiin' 'iw! to tScJ 

clibease C Sib pationt Jia. not robonoil trcatinwit. Mobt of thib boarrine could 

lidi'o bobii pro.'ontod by treat;n<»nt. 


until the patient is older, thinner, or both. While atrophy to tlie point 
oJ visible v.j inkling will occur in any per.son if the treatment is con- 
tinued Jor a ouffieiently Jong time, or if the doses are of sufficient size, 
set idiosyncratic tendencies in this re.spect must be admitted, kor 
this reason the operator should study the skin carefully at each visit. 
.Skin that has a low tolerance can often be detected during a cour.se of 
treatment by its irritability. It will be found U) react more vigorously 
to friction, to heat, to light, to emotional excitement, etc., than it did 
before roentgen therapy v.'as instituted. Jn such instances the dose 
should be m^e smaller and a longer interval allowed between treat- 
ments. 

It has been claimed that the asray treatment of acne vulgaris causes 
a growth of hair at times. It is a fact that a growth of down is occa- 
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sionallj seen subsequent to the j-m treatment of acne But it is seen 
just as frequenth in cises of acne that ha\e not been treated '\\ith the 
x-raj s No one has noticed a gro^\ th of hair follou ing the x-ra^ treat- 
ment of psoriasis, eczema nucosis fungoides, leukemia, epithelioma 
and various other diseases Tiie question of the hair-groT\ ing pov, ers 
of the x-raj s is discussed at some length m Chapters \\I and XXXIII 
Suffice it to say here that hypertrichosis following acne \ulgaris is 
probablj due to the disease itself Ihere is no e'i idence to pro^ e that 
irradiation of acne \ulgaris causes or fa\ors a growth of hair 

It has been claimed b^ some patients and e\en b\ a few ph^slCIans 
that more scarring follows acne vailgans when treated with x-ra\s 
than when treated in other wajs The opinion has been e’tpressed 
that X raj treatment interferes with the normal production of new 
connective tissue Several suits have been based on this belief It is 
the consensus that the best waj to avoid scarring m severe cases of 
the disease is to check the disease as soon as possible and x ravs 
maj be used for this purpose Acne no matter how treated, is likelv 
to produce scars One patient will scar more than another, even 
with the same tjpe of lesion, and with the same treatment The scars 
are often overlooked while the face is covered with indurated pustules 
Thej do not become conspicuous as a rule until the disease is cured 
Scars often improve and even disappear m a few vears 

In a senes of 40 patients treat^ by Niles with x rajs to one side 
of the face and a placebo treatment to the other the stars were equal 
on both sides in 32 cases, more pronounced on the untreated side in 5 
and greater on the treated side in 3 Khne and Gahan appropnatelv 
duplicated Nile s results 

Pigmentation or tanning is not a serious result of irradiation but 
when occurring on the face it is disfiguring and sometimes it is so 
annoying cobmeticallv that patients refuse to continue roentgen 
treatment Excessive pigmentation occurs in a small percentage of 
cases (usually in dark-skinned individuals) and may consist of freckles 
or a diffuse tanning Rarely it is prominent and results from a few 
mild applications There is no wav to avoid this idiosyncratic ten- 
dency It IS not a contraindication to x rav treatment but the patient 
roav prefer another form of therapv At times the pigmentation 
will disappear m a few weeks subsequent to cessation of x ray treat- 
ment In some instances however, several months and even a vear 
or two is required for complete disappearance of the discoloration 
(For the treatment of this condition see chapter dealing with radio- 
dermatitis and complications and sequelae of ar-ray treatment ) 
Filtration —Filtration m superficial diseases is discussed elsewhere 
in this book Suffice it to say here that we hav e tried both filtered and 
unfiltered ravs m acne vulgans and insofar as can be determined the 
therapeutic result is approximately the same We do not use a filter 
m treating acne vulgans but we do not advise against its use for this 
purpose 
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ROSACEA. 

Roentgenization is of no value in pure rosacea, e., telangiectasis 
and diffuse erythema. When combined with acne vulgaris, or with 
acneiform lesions and oily seborrhea, as is usually the case, the rc-rays 
are of value. The acneiform lesions often disappear and the sebaceous 
glands may become less active. With the disappearance of the pus- 
tules there is less congestion of the affected parts. 

Rosacea is due to constitutional disturbances, often of the gastro- 
intestinal canal, therefore it is not advisable to depend upon the 
.T-rays alone for a cure. As a routine the system of interdictions given 
for acne should be followed. It is important that tea, coffee, alcohol 
and spices be prohibited. The bowels should be carefully regulated 
With proper attention to diet, hygiene, and the correction of under- 
lying causes, very severe types of rosacea can often be cured by frac- 
tional treatments in three or four months. In spite of the erythema 
and inflammation, the skin affected with rosacea usually tolerates 
the .T-iays very well We prefer and advise conventional dermatologic 
therapy, resorting to .r-rays only after such treatment has failed. 

AVhile the patient is 'under .^-ray treatment it is not advisable to 
employ the strong ointments and lotions that are usually prescribed 
for rosacea Multiple scariflcation and electrolysis, for the purpose of 
destioymg dilated capillaries, is permissible and advantageous Sooth- 
ing lotions and ointments (zinc oxide ointment, calamine lotion) are 
beneficial and aie gratefully received by the patient 

Rosacea is limited, as a rule, to the so-called Hush centers of the 
face— nose, chin, mesial portions of the cheeks and the lower and 
middle parts of the forehead. The technic as described under acne 
vulgaris may be used in the treatment of rosacea— two exposures, one 
for each side of the face, the oblique rays being allowed to overlap at 
the center of the face, or one exposure may be made to the center of 
the face with the anode directly over the nose. If the condition is 
limited to the nose the rest of the face should be shielded and an 
exposure made to each side of the nose In this instance, in order to 
avoid too much overlapping of the radiation on the bridge of the nose, 
the plane of the lateral surface of the nose should be at right angles to 
a line extending from the skin to the anode. 

Hypertrophic rosacea is a sort of borderline between rosacea and 
rhinophyma It may be benefited by roentgenization especially if 
there are many pustules For a complete cure, however, it is necessary 
to resort to other forms of local treatment and to correct underljnng 
causative conditions 

RHINOPHYMA. 

The .T-rays are of little if any value in rhinophyma The result 
will depend upon local conditions Acneiform lesions will disappear 
and the sebaceous glands may become less active. The cure of rhin- 
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ophjnn, ho\\e\cr, requires other forms of loc'il treatment including 
surgical measures 

ACNE VARIOLIFORMIS 

It IS difRcult to estimate the true atluc of the x-rajs in acne aario 
Iiformis Ihc disease usinlK jielcls rcadilj to topical remedies, 
ilthough returrcncc is the rule rurthennorc, while running n long 
course, there are remissions, periods of latcnc\ and exacerbations 
^Yc treated 25 cases of this disease with the x-rajs In cacrj in- 
stance the eruption subsided in about a month with treatment In 
most of these cases there was a recurrence Our impression is that 
T ra\ s are of little \ aluc in the disease so far ns a permanent cure is 
concerned 

Acne \ nriohformis nflects mostly the forehead and scalp, occasionally 
the nose 1 he technic of application w ill depend upon tlic distribution 
of the eruption If limited to the nose, this organ is irradiated as 
explained under the heading of rosacci If the forehead is iinolxcd 
the Inirx parts md the face arc shielded an<l wcekl\ 75 r doses applied 
with the anode placed o\er the center of the forehead If the lesions 
are situated m the eyebrows and on the anterior scalp these parts 
arc left unshielded and do'cs of 3$ r ndmmistcrcd once weekh for a 
month If the eruption li scattered oxer the scalp the entire lioad is 
irradiated b\ the Kicnbock-Adamson method (Chapter X\MI), the 
dose being 38 r once wccklx for four treatments It is unsafe to 
administer more than 150 r in a month, othcrw isc i deflux uim of scalp 
hair max result This amount will usualix suflicc for a ttmponrv 
cure, if not, there should be an mtcrxal of rest of one month before 
further irradiation If the eruption inxolxes tlic face and scalp the 
former may be left unshielded xxhilc applxing the Kienbock-Adamson 
method 

SYCOSIS VULGARIS 

Until recently irradiation xxas the therapeutic method of election 
for this disease The topical use of pcnicilhn tyrothnem and other 
remedies his been so spectacular that x rax treatment is hkclx to be 
seldom used m the future 

Bowen xxas one of tlie first if not tlie first, plixsician m tins country 
to report the successful use of the i-rays in sycosis xulgnris He 
reported the cure of 11 cases m 1903 

Mann considers that from the standpoint of thtrapeusis there are 
three txpes of sxcosis (1) Ihose xxliich clear up after 8 to 12 xxeekly 
unfiltercd treatments, (2) tho'xe which require temporary complete 
epilation, and (3) those m xxhich the first two txpes of treatment Inxo 
failed and require permanent epilation 'Ihose patients in whom the 
first txpe of treatment has failcti should after six weeks’ rest, be gixen 
the second type He reported on 17 cases of sxcosis cured h\ x rays 
Thirteen received small xxeekh doses and 4 temponrx epilation 
None required permanent epilation 
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ROSACEA, 

Roentgenization is of no value in pure rosacea, z. e., telangiectasis 
and diffuse erythema, ^^^len combined with acne vulgaris, or with 
acneiform lesions and oily seborrhea, as is usually the case, the a:-rays 
are of value The acneiform lesions often disappear and the sebaceous 
glands may become less active. With the disappearance of the pus- 
tules there is less congestion of the affected parts. 

Ptosacea is due to constitutional disturbances, often of the gastro- 
intestinal canal, therefore it is not advisable to depend upon the 
T-rays alone for a cure. As a routine the system of interdictions given 
for acne should be followed. It is important that tea, coffee, alcohol 
and spices be prohibited. The bowels should be carefully regulated. 
With proper attention to diet, hygiene, and the correction of under- 
lying causes, very severe types of rosacea can often be cured by frac- 
tional treatments in three or four months. In spite of the erythema 
and inflammation, the skin affected with rosacea usually tolerates 
the .T-ra^ s ^ erj- well. We prefer and advise conventional dermatologic 
therapy, re'-fjrting to ic-rays only after such treatment has failed. 

\Wnle the patient is under ic-ray treatment it is not advisable to 
emplo.' the strong ointments and lotions that are usually prescribed 
f )Y to'ac ea Multiple scarification and electrolysis, for the purpose of 
t^e-'trox ing dilated capillaries, is permissible and advantageous Sooth- 
ing loiion- and ointments (zinc oxide ointment, calamine lotion) are 
beneh( lal and are gratefully received by the patient, 

Itosdi ea IS limited, as a rule, to the so-called flush centers of the 
face -no-e, chin, mesial portions of the cheeks and the lower and 
middle parts of the forehead. The technic as described under acne 
^ ulgari', ma> be used in the treatment of rosacea — two exposures, one 
for each side of the face, the oblique rays being allowed to overlap at 
the center of the face, or one exposure may be made to the center of 
the face vith the anode directly over the nose. If the condition is 
limited to the nose the rest of the face should be shielded and an 
exposure made to each side of the nose In this instance, in order to 
avoid too much overlapping of the radiation on the bridge of the nose, 
the plane of the lateral surface of the nose should be at right angles to 
a line extending from the skin to the anode. 

Hj’pertrophic rosacea is a sort of borderline between rosacea and 
rhinophyma It may be benefited by roentgenization especially n 
there are many pustules For a complete cure, however, it is necessarj 
to resort to other forms of local treatment and to correct underljing 
causative conditions. 

RHINOPHYMA. 

The 3:-rays are of little if any value in rhinophyma. The result 
v ill depend upon local conditions Acneiform lesions, will disappear 
and the sebaceous glands may become less active. The cure of rhin- 



S}COSIS \ UlCihlS 


337 


ophMin, hone\er, requires other forms of loc*!! treatment including 
surpcnl nieisurcs 

ACNE VARIOLIFORMIS 

It IS difficult to catuintc the true ^ nUic of tlie x-r u s in icnt \ nrio 
lifonnis Tlic disc'i'^c usinllx Melds rendih to topic'll remedies 
•ilthough recurrence is the rule I urthcnnore> uhile running *1 long 
course there 'ire rcnii''Sions, periods of htenc^ niul cviccrhntions 
^^c trc'ited 25 c'lscs of this disease with the xr'iNs In eicri in- 
stance the eruption subsided in nbout *1 month with trc-itmcnt In 
most of these c'lses there was a recurrence Our impression is that 
j ra\s arc of little \ alue in the disease so f ir as a permanent cure is 
concerned 

Acne a ariolifomiis affects inostK the forehead and scalp occasionalK 
the nose The technic of application will depend upon the distribution 
of the eruption If limited to the nose, this organ is irradiated as 
explained under the heading of rosacea If the forehead js iinohcd 
the hairx parts and the face arc shieldetl and wcekl\ 75 r doses ipplied 
with the anode placed oxer the center of the forclicad If the lesions 
arc situated m the cxebrows and on the anterior scalp tliesc parts 
are left unshielded and doses of 3S r administered once wceklx for a 
month If the eruption is seittcred oxer the scalp the entire head is 
irradiated bj the l\icnbock-A<lamson method (C)i iptcr WVII) the 
dose bemg 38 r once vxccklx for four treatments It is iinsife to 
administer more than 150 r m a month, otherwise a deflux luin of scalp 
hair max result Tins amount xxill iisuallx suffice for i temponrx 
cure if not there should be an interxal of rest of one month before 
further irradiation If the eruption inxolxcs the face and scalp the 
former maj be left unshielded xxliilc applxing tlie Kienbock-Adamson 
method 

SYCOSIS VULGARIS 

Until recently irradiation was the therapeutic method of election 
for this disease The topical use of penicillin txrothncin and other 
remedies Ins been so spectacular tint ir-rax treatment is JikeJx to be 
seldom used m the future 

Bowen was one of the first, if not the first, phxsicnn m this country 
to report the successful use of tlie a:-nxs in sxcosis xulgaris lie 
reported the cure of 11 cases m 1903 

Mann considers tint from the standpoint of thenpeusis tlicre are 
three txpes of sxcosis (1) Tliose xxhich clear up after 8 to 12 wcekh 
unfiltered treatments (2) those xxhich require temporary complete 

epilation and (3) those in which the first two txpes of treatment Inxe 

failed and require permanent epilation Those patients m whom tlio 
first txpe of treatment Ins faded should, after six xxeeks’ rest be gix cn 
the second tyqie He reported on 17 cases of sxcosis cured hy ar-ra\ s 
Thirteen received small xxeeklv doses and 4 temporarx enihtion 
None required permanent epilation ' 
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The Iiter'iture contains inan\ irtides dealing ^Mth tins subject 
The following exposition of roentgen thenp^ in this disease ts based 
on personal experience and a knowledge of the literature 
The results obtained with m s\co8is Milgans range from 

brilliant to poor As a rule, the best ^esllIt^ are obtained in cases of 
short duration but we ha\e seen long st inding cases of this condition 
(ten to fifteen sears duration) perinanentli cured as a result of a few 
weekN exposures Judging from oiir experience some cases can 
be cured b\ wcekU treatment in a month or so without epilation 
especiallj if i accine therapi and other methods of treatment are used 
Jlani cases will require a defliiiniin Occasion il cases demand per- 
manent alopecia and at times e\eii permanent alopeci i will not effect 
a cure 

Recurrence in this disease is common and the relapse ma\ or ina\ 
not Mcld to further roentgcnization 
Techmc —The technic of application is the Kienbock method which 
IS described in detail in Chapter WVII This technic is applicable 
to cases where the disease is limited to the bearded region Rareh 
the disease affects the cxelashes c^cb^ow^. anterior scalp Iiairlmc 
axillte and pubes In such instances these parts are tri ated separateh 
Eyelashes and Eyebrows —Tlw lids are closed and co\ercd with a 
thick coating of a 50 per cent ointment of zme oxide or bismuth 
subnitrate A still better method is to fasten properJ\ patterned pieces 
of lead foil or lead rubber to the lids wiUi zinc plaster The remain- 
der of the face is shielded and the radiation is applied first to one 
exposed region and then to the other 

Anterior Hairline —The face, scalp tars ami neck are shielded 
Two exposures are made with the anode centered o\er the temporal 
regions The oblique ra\s are allowed to ocerlap at the center of the 
anterior hairline 

AxiU<s —The patient lies on his back and places his forearm under 
the head All parts excepting the axilh are shielded An exposure 
is made first to one side and then to the other side with the anode 
centered o\er the center of the ixilla In the position gnen the 
axilla IS a little conca\e but with the anode at a distance of S inches 
dosage will be sufiicientl\ uniform o\er the affected area 

Pubic Region —The unaffected parts are shielded One exposure 
with the anode placed o\er the center of the pubic region will usiialh 
suffice to co\er the affected area 

Z)o5flge —Inasmuch as weekh treatment without defluMum will 
suffice for a cure m some cases it seems ad\isahlc to tr\ such treat- 
ment first Se\ent\-fi\e roentgens once weekK for from four to eight 
treatments will suffice for a trial If the desmed result is not obtained 
It maj be advisable to depilate To produce a defluvium of the 
bearded region without the advent of at least a mild first-degree 
reaction is a difficult matter It is almost impossible with one treat- 
ment It usually requires at least 300 r to effect defluv mm and this 
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quantity is very likely to evoke an erythema of the skin of the face. 
As a matter of fact, it usually requires 375 r, or even 450 r admin- 
istered at one sitting, to cause the hair of the male beard to fall out. 
It is unwise to administer doses of this size to the face for this pur- 
pose because of the danger of an 2 :-ray erjdhema. The reason for 
this attitude is that even a mild a:-ray er;yi;hema may be followed in 
time by telangiectasia. 

There are tn'o ways in which the latitude of safetj’^ can be increased. 
Filtration is one method. With filtered radiation one has a little 
more latitude between the amount necessary for epilation and the 
amoimt that will effect an erythema. 

The other method consists of applying 75 r every three days for four, 
five or six doses, or 113 r every five days for three or four doses. The 
hair may fall out one week after the last treatment. If not, it becomes 
necessai^' to continue the treatment, with the same doses and inter- 
vals, until a defluvium results. The same method ma^', of course, 
be used with filtered radiation. In some instances it is possible to 
depilate the beard by this method without the advent of e^'en a mild 
first-degree reaction. 

The main point is that in obstinate cases' of sycosis ^•ulgaris one is 
working with a quantirv' of radiation that is very close to that required 
for a mild first-degree reaction, therefore the patient must be kept under 
close obsen-ation for signs of cutaneous irritability which often occur 
when absorption is close to the saturation point. This irritability is 
manifested by a pronounced temporary' er\i;hema following friction, 
exposure to heat, light, wind, exertion, or when the head is lower than 
the body, or it may be coincident with emotional excitement. 

If, after fractional treatment has failed to effect; a cure, it is decided 
to push the treatment to the point of epilation, it is ^nse to allow a rest 
inter^'al of three weeks before changing the technic. 

For medicolegal reasons it is ad\dsable to acquaint the patient "ndth 
the difficulties and possibilities of the treatment and to have one or 
more physicians in consultation. If he has tried other forms of treat- 
ment, skilfully and conscientiously administered, -nithout success, be 
will usually accept the slight-risk with the imderstanding, of course, 
that there is no alternative and that the operator will employ a modern 
technic, requisite skill and judgment. 

In dealing with unusually refractor^' or relapsing examples of the 
disease when the treatment as outlined above has failed, the advisa- 
bility of effecting a permanent alopecia can be considered in consul- 
tation- 

permanent Alopecia. — The first step is to depilate the hair with the 
xechmc already outlined. If no further radiation is administered the 
hair will begin to grow again in a month or two. To prevent this 
regeneration it is necessary to apply 150 r or 225 x once monthly for 
from fom to eight months, and in some instances even longer. 

In effecting a permanent alopecia Ihere is little, if anj', danger of 
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telangiectasia, providing tliere is no erytlieina at tlie time of tlie 
deflu vium, but there is danger of moie or less wrinkling and dryness 
of the skin. Wrinkling will occur in some cases and not in otlicrs. 
There is no way to avoid this sequela witli certainty and the patient 
should clearly understand this fact. 

A man afflicted with a bad case of tliis most disfiguring and annoying 
disease, assuming that the eruption has resisted skilful and intelligent 
dermatologic treatment, will willingly sacrifice his beard and he wll 
be glad indeed to risk the chance of atrophy and even of telangiectasia 
to be permanently rid of his disgusting affliction. 

It is very uncommon to see sycosis vulgaris persist aftei permanent 
alopecia has been effected, but the disease has been known to exist in a 
modified foim after the beard has been permanently lost. The ex-plan- 
ation is that lanugo hairs ai e still present and may, m certain individu- 
als, become the seat of the disease. 

It should be borne in mind that severe sycosis vulgaris may cause 
more or less permanent alopecia, atrophy and scarring. The .r-rays 
must not be blamed for sequelae caused by tlie disease itself. 

FURUNCULUS AND CARBUNCDLUS. 

The .x-rays are of service in the treatment of recurrent boils m any 
given area as, for instance, the back of the neck and the axillae. One 
suberythema dose will often prevent the development of new lesions. 
It may be necessary, in order to effect a cure, to depilate the parts. 
If this IS attempted in one treatment erythema is likely to result. 
For reasons given elsewhere in this chapter it is desirable to avoid 
an erythema Weekly doses of 75 r unfiltcred, without the advent of 
erythema, will often suffice for a cure. If, however, it is necessary 
to cause a defluvium, it is preferable to do so by means of the technic 
and dosage explained in detail under the heading of sycosis ^ ulgaris. 

The older literature contains many reports of excellent results, in the 
case of a carbuncle or boil, with a single large dose of filtered .i-rays 
(3 mm. Al, 250 to 500 i). We have obtained good results with 250 r. 
But in lecent years .r-rays and radium have been used only occasionally 
because better icsults are now obtained with the sulfonamides, penicil- 
lin and bacteriophage In a recent article O’Brien favors the use of 
r-rays with oi without other methods of treatment. 

PARONYCHIA. 

We have had a few good results and many failures with the r-rays 
in the treatment of chronic pyogenic paronycliia. Ormsby has found 
such treatment of service. Pfahler reports the cure of a very long- 
standing case with twenty-five mild treatments over a period of three 
months Higgins treated 6 cases of paronchyia with eight doses of 
150 r each and cured only 2 Rohrbach and Webster report good 
results but give no statistics. 
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Lack of experience does not permit the constructing of an exact 
technic It is ^^ell to shield the fingers to within 4 inch of the nail 
We emploj unfiltered radiation, 75 r vieekl>, for from four to eight 
treatments Larger doses might be more effectne but thej ma> lead 
to sequelee It is permissible to use penicillin ointment in conjunction 
^^lth a:-ra> treatment Our results with filtered radiation were no 
better than with unfiltercd raxs 

granuloma PYOGENICUM 

Clack cured one ca^e of granuloma p\ogenicum w ith one treatment 
with radium Remer cured 2 cases of granuloma p^ogenlcum with 
two suberjthema doses of beta ra\s of radium (personal communica- 
tion) Hodges obtains good results with 700 to 900 r of unfiltered 
z-rajs in simple and telangiectatic granulomi Mann belieies that 
T-ra\s and. radium constitute the methods of choice for the treatment 
of granuloma pjogcnicum lie reports a number of cases in wbicb 
about 1200 r of iinfiltered x-raas caused the lesions to disappear in 
six weeks without lea^ ing a trace 

imsCELLANEOUS 

One case of dermatitis \egctans was treated with unfiltercd weekla 
doses without effect 

Two cases of what was thought to be chronic streptococcic l\mphan- 
gitis were cured bs x-rax treatment In one instance the disease 
imolxed the nose being sccoiularx to a disturbance m the na<*al 
passage The eruption consisted of thickening of the skin rcdne«s and 
occasional pustule-j The duration was three years during which time 
there were remissions and txacerbations The disease disappeared 
alter sixteen treatments at wcekh interxals The patient also re- 
cened xactme treatment 

The <iecond patient presentid a palm siretl area of red thickened skin 
on the left cheek Sharp exacerbations issociated xnth the develop- 
ment of numerous pustules occurred frequentK The duration of the 
condition was six xears Tliree imfiltcred doses of x-raxs (225 r) 
were administered at monthlv intervals There was no improvement 
until after the third treatment when the eruption disappeared The 
patient has remained w ell ox er a pcriCKl of six v ears 

Chrome indolent ulcers supposedly of staphylococcic or strepto- 
coccic origin are at times benefited by a few weekK applications of 
X rajs or radium 

A number of patients with abscesses of the face chest and back 
issociated with acne vulgaris (acne cachecticoruni acne conglobata) 
were apparentiv greatly benefited b\ weekh xriy treatment com 
bmed w ith other measures directed at the gener il health 

Two cases of ulerythema svcosifonne (lupoid sveosis) have been 
cured with three applications of xrays (unfiltered, 150 r monthly) 
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Fig. 135 — Same as Fig 134 after x-ray treatment 
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Allen cured a case of this disease with ar-raj treatment Ihe disease 
recurred in si\ months but again disappeared under roentgenization 
Our cases were treated manj jears ago The patients ha\e not been 
seen since Three cases of a somewhat similar condition— folliculitis 
dccalvans— were cured b> a single epilating dose Angle cured a case 
of this disease with weekly xray treatments o\er a period of sk 
months Of course the x-ra\s had no effect on the permanent alopecia 
and atrophj caused h\ the disease itself This disease and lupoid 
sN cosis cause atrophj and permanent alopecia sequelx that should not 
be blamed on x-ra\ treatment 

The \ erj stubborn staphj logenic impetigo has been reported cured 
with xrajs But toda\ modern comentional dermatologic therap> 
IS so efficacious for most of the pjodemias that x-raj treatment is 
seldom indicated or employed 


ERYSIPELAS 

The sulfonamidts and penicillin ha'e been so successful in the man- 
agement of er\sipclas that it is doubtful that x-ra\s will e\er again be 
used for this disease unless, for some reason, the patient can not 
tolerate these remedies 

Results w ith X raj s ha\ e been fairl> good The complete literature 
and detailed technic will be found in the third edition of this book, 
page 433 
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CHAPTER WVII 
DISI-ASLS DUE 10 FUNGI 


Of the cut'ineou'^ dbcases due 
respond in ^ irN ing degrees to tren 

1 linea Capitis 

2 Fa\us 

3 linea Barb'S 

4 On\chom\cosis 

5 Tinea of the Glabrous Skii 


pithogenic fungi the following 
ent with r-riNS or radium 
G Momlnsis 
7 Actinomjcosis 
S Bhstom\cosis 
9 Sporotrichosis 
10 Granuloma Coccidioides 


TINEA CAPITIS 
(Ringworm of thf Sc<lp) 

Historical Sketch — I round in 1S97 was the first to suggest the use 
of T raas in the tre'itment of this, disease Cures were soon reported 
bv SchilT and I reiind Kienbotk lorok, an<l Schcin and monj others 
Ihe technic used at tint tune consiateil in npphing inaccurate!) esti- 
mated fraction'll doses, two or three times weekh until a defluMum 
resulted Ihe results, at brat encouraging were negatned bN the 
large percentage of casca of jicrmanent alopecia <iiie to e\cessi\e 
dosage 

In 1904 Sabouraud and Noire dc\ ised a method of depilating the 
entire scalp at one sitting Thc) emplo\e<l their own radiometer a 
description of winch is iii the second edition Tile method consisted 
of dividing the scalp into ten or tweUc areas and exposing eacli area to 
an epilating dose as estimated b\ means of a pastille As each area 
was treated the remaining portions of the scalp had to be carefull) 
shielded a specialh constructed metal cone of proper size shape and 
length being used for the purposic Hus metal cone was called a 
localizer It sened to confine the radiation to a definite area and to 
keep tlie head in constant relation to the source of radiation It also 
contained a receptacle at half distmee for the pastille In the course 
of a \ ear or tw o the\ depilated man) hundreds of cases w ith an exceed- 
inglj low percentage of untoward results 

The work of Sabouraucl and Noire was watched with no little interest 
b) dermatologists and roentgenologists of other countries Ringw orm 
of the scalp was disappearmg from France as a result of the new 
method of treatment Natural!) the metliod w as given a trial in other 
countries especialU in England But the results were not favorable, 

• In the last edition this chapter nas revised b) Dr George M Lewis Some of the 
material added b} Dr Lewis has been retained m tbts edition 
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the pel centage of cahcb of peimanent alopecia was too high. In France 
they employed static machines, in England coils wexe used. At fii'st 
very little v as known i elative to pastille characteristics. Nevertheless, 
in spite of many difficulties and discouraging results, the English roent- 
genologists persisted and it was not long before their efforts were 
crowned Avith success. 

Kienbbck, in 1907, deA'ised a very ingenious method of diAuding the 
scalp into five ai eas. No protection a\ as necessary except for the face, 
ears and neck. Each area A\-as giA'en a pastille dose. The oblique 
ladiation from one aiea reinforced similar jadiation from othei areas, 
thus pioA'iding equalization of quantity over the entire convex scalp. 

OkAo years latex Adamson published an excellent article in Avhich he 
modified the Kienbbck method and explained in a very practical man- 
nei the details of the technic. With the Sabouraud-Noire technic it 
lequired four houis to apph' the tieatment to the entire .scalp. Adam- 
son’s technic i educed the time to one and a half hours. 

It AAas still necessary to place the pastille at half distance and to 
use .some method of fixing the head. Fixation of the irradiated pait 
AAas of the utmost impoilanceAAhen the pastille Avas placed at half dis- 
tance. The popular method of fixation Avas to have soft Avooden 
pegs attached to the tube-.stand. 'I'hese pegs could be adjusted to 
keep the head in proper relation to the a>ray tube. Soft Avood AAas 
utilized because the pegs AA-ere in the field of radiation and if they 
AAcre composed of hard AA'ood too much radiation Avould be lost by 
absorption. Harnpson, in ]91], overcame these difficulties by esti- 
mating the dose AA-ith the pastille on the .skin instead of at half distance. 

With the adA'ent of the Coolidge tube, the interrupter less transformer 
and electrical methods of measurement, roentgen technic in the treat- 
ment of tinea capitis became standardized. 

Ep.stein, in 1933, pointed out the great OA'erdo.sage AA-hich occurs 
AAith the multi-field irradiation of curved surfaces. A report by Moles- 
AAoith and Kiddle in 1935, based on calculations and photographic 
comparisons, dealt AA-ith the effect of the angle of incidence on the dose 
of ?--ray.s absorbed by the skin. They found that AAhen the Adamson- 
Kienbock five-point technic AA-as used for irradiation of the scalp, a 
greater dose of arrays AA'as receiA’^ed in the intermediary areas between 
the center^ of irradiation than AA-as received at the five central points 
(Fig. 13G). They believed that the angle of incidence of a beam of 
arrays bad little or no prac-tical influence upon the dose actually 
absorbed in tissue lying immediately beloAA- the irradiated surface. 
.Since the areas AA-bere OA-erlap occurred receiA-ed a much greater dose 
tban that receiA-ed at the centers of irradiation, ]\IolesAA-orth and 
Kiddle concluded that the margin between the smallest dose which 
vrill cause epilation and the largest dose AA-hich will jmst fall .short of 
preventing regroAA-th must be greater than AA-as heretofore considered 
.Sharrks noted that in eases where the hair failed to regroAV after roent- 
gen epilation, it vas the centers of irradiation AA-hich escaped and in 
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some mstinces the hiir in these ireas did not e^en fall out Rox- 
burgh and Kinnear considered that the opinions of Molesworth and 
Riddle ^\t^e based on faulty interpretation of formula and tint the 
theoretical aspect ms not proxcd practical ex-perience Ivmnear 
stated tint in nine xears of experience he had alv\a^s obtained an 
e\en epilation follo\Mng the administration of ar-rass lie pointed 
out tint the fi\e centers must he accurateh located the tube centered 



Fig 136 — This photograph illustrates the greater dose of a;ra>s received m the 
mtermediarj areas between the centers of irradiation tlian was received at the fi%e focal 
points \\ hen this boy w'as observed several months later there was complete and uni 
form growth of hair all ov er the scalp 

exactU , and each exposure gi\ en at an exact right angle to the others 
Other requisite factors included a constant source of radiation accurate 
timing and complete stillness of the patient 
Epstein measured bj ionization methods tlie amount of radiation 
deliv ered to ^ arious points of the scalp during a roentgen epilation 
He agreed with the statements of Molesworth and Riddle On most 
areas of the scalp, ow ing to o> erlapping, there v, as an increase in dose 
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up to 50 to 80 per cent, compared to the dose applied to eacli separate 
field Single points received nearly 500 i In the case of a boy, aged 
four years, a single field received a dose of 540 r by mistake. No 
fm’ther radiation was administered. A perfect epilation in the area 
irradiated took place without any visible reaction, and regrovlh of 
hair was first observed after nine weeks Subsequently there was a 
complete regrowtli of hair Schreus and Proppe agreed with the 
findings of Molesworth and Riddle, and Epstein. They described a 
four-point irradiation technic which they state will gn^e a uniform dose 
distribution over the entire scalp with no increase of radiation m the 
intermediary parts of the scalp 

The authors, with the collaboration of Mutscheller, studied this whole 
question concerning epilation of the scalp using four, five and si\ 
points. Up to the time of this writing about 200 cases have been 
treated with a four-point technic devised by the authors. After 
elaborate experimentation and clinical observations of a large series 
of cases treated by the four-point method, we agree that the five-point 
Kienbock-Adamson technic permits overirradiation between the 
focal points. However, this overirradiation is not dangerous and will 
not cause permanent depilation provided all phases of the technic are 
properly carried out. Attention to details is necessary regardless of 
the technic employed. The only real advantage to the four-point 
method is the saving of time This advantage is overcome by the fact 
that the five-point method is more mechanical, easier executed, a 
moie uniform epilation is obtained more often and, finally, it has stood 
the test of time. The authors favor the five-point method of scalp 
epilation A complete description of our foiii -point technic is not 
given here because we advocate, as we always have, the five-point 
Kienbock-Adamson method of scalp epilation A detailed descrip- 
tion of our four-point method Avith illustrations has been published 
and the reference to it may be found in the bibhographj'- at the end of 
the chapter. 

It is agieed by everyone that the greater the focal skin distance, the 
greater the OA'^erlapping and also the greater the intensitj'^ of radiation. 
It is interesting that theoretical considerations and experimentation 
at this point indicate a degree of danger not entirely considered by 
workers during the past thirty years In the hands of responsible and 
experienced operators, the five-point technic foi epilation is still being 
used AAnth uniform success The danger from overlapping Avould 
appear to be potential but from a practical standpoint may be safely 
Ignored If a skin target distance of 8 inclies (20 cm ) is used, tlie 
degree of ovei lapping is not sufiiciently great to cause concern. 

Depilation of the entire scalp is accomplished today in this country 
by the Kienbock-Adamson technic with the exception that tlie dose is 
estimated by a combination of electrical and ionization measurements 
(combined technic) With modern methods a trained technician rarely 
requires more than one-half hour for treatment of the five areas unless 
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the patient is \ eo unruK It is possible to treat the e areas m less 
than half of this time if necessary or adiisable 
Value of X-ray Treatment —Ringworm of the scalp vanes in respect 
to seventv of svniptoms, tvpe of organism and number of cases In 
localities where the disease is common and intractable it is a positive 
menace to societv In large cities there are thousands of children 
afflicted with the resistant tvpes of this disease Such children are a 
menace to their fellow s and, as the^ often are not allow ed to attend 
school the disease must be considered as one cause of illiteracy 
Roentgen treatment effects a cure m one sitting In the majoritv 
of instances the child can return to school in about two months If the 
treatment is administered bv one who is properh trained in the work 
there is no danger of inv kind to the child Unfortunatelv there are 
V ery few free clinics and not in my priv ate laboratories m this country 
where these patients can receive modern treatment with a’-ravs It 
would be a splendid thing if tlie health boards of large cities became 
interested to the extent of equipping a clinic witli modem apparatus 
and furnishing one or more trained technicians to work under the 
supervision of a dermatologist who has had the necessary roentgenologic 
trammg In the absence of such clmic, the health authorities might 
refer patients to a clinic where the work is properly done 
It is interesting to note the results, from an economic and socio- 
logic standpoint, that were obtained m France it the verv beginning 
of the work The fungi responsible for tinea capitis in France were 
and are predominantly either Microsporon audouini or one of the 
endothrix Trichophytons These types are resistant to treatment bv 
topical measures At the Pans ringworm school prior to 1903, the 
average time required for a cure was two vears About 300 cases 
were hospitaIi 2 ed and about 110 were annually discharged cured 
After the institution of array therapy the cure required three months, 
and m the first year 327 cures were effected 
Types of Tmea Capitis —The diagnosis of tinea capitis may be 
frequently made on clinical grounds alone Localized patches of 
alopecia, the presence of short broken off hairs and various degrees 
of inflammation on tht scalp of a cb a are highly suggestive of ring 
worm In every case, however, the clinical diagnosis should be ven 
fled bv examination of the scalp under filtered ultraviolet ravs by 
examination of the stubbv hairs m a potash preparation, or bv the 
cultural determination of the causal fungus All three procedures 
should be earned out The knowledge gamed from the cultural study 
IS of practical value since the tvpe of therapy to be pursued should 
depend on the species of organism causing the infection If favus be 
included m the discussion one may divide these fungus infections of 
the scalp into tw o groups according to the causal organisms 
I Fungi which are usually transferable to animals 

(а) Microsporons— IVI lanosum, M fulvum, etc 

(б) Trichophytons— usually ectothnx— Tr gypseum 
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II. Fungi which are usually not transferable to animals: 

(a) Microsporons— M. audouini, etc. 

(h) Trichophytons— usually endothrix— Tr. violaceum, etc. 
{c) Achorions — A. sehcenleinii (favus). 

The clinical feature^, frequently' lead us to suspect one of the above 
types, but clinical impressions are sometimes erroneous. Each patient 
should receive the benefit of a cultural diagnosis. Pungworm of the 
scalp is caused either by M. lanosum or M. audouini. The other 
organisms are causative in a small number of the total cases. In the 
present epidemic of scalp ringwonn, the predominating oiganisrn Is the 
M. audouini. In geneial one may postulate that fungi which are also 
pathogenic to animals produce a greater inflammatoiy response on 
the scalps of children than do fungi not transferable to animals. Some- 
time'5 in patients with ring^vorm due to fungi also pathogenic to 
anirnaP, the inflammatory leac-tion is mild and is evidenced solely by 
peiifollicular erythema and scaling- At other times there aie follicular 
pustules and, in severe infections, boggy infiltrations develop. This 
latter condition is known as kerion. It is usually in infections from 
fungi in thi^ gioup that secondary toxic rashes de\elop (microsporid, 
tiichophytid ). 

In the second group, the visible inflammation is usually slight. In 
infec-tions caused by M. Audouini, the term “gray-patch’' is frequently 
used as descriptive, although considerable erythema and follicular 
pustulation may sometimes be noted. In infec'tions caused by fungi 
of the endothib: Trichophy'ton group, localixed follicular pustules may 
develop and small crusts limited to the region of the infected hairs 
are common. In other instances, the hair breaks off at the level of 
the scalj), but no visible inflammatory^ reaction is noted. Favus will 
be discussed in a later paragrajjh of this chapter. However, the 
clinical features may be briefly mentioned here. The usual picture is 
the presence of scutulaj or follicular crusts which produce pressure 
atrophy leading to permanent alopecia. The infected hairs are usually 
lightej in color than normal, but may not be “broken-ofi.” Another 
variety of favus of the scalp may resemble seborrheic eczema^ Very 
little alopecia is produced, and the scaling present may be mistaken 
for dandiufi. 

Indications for Boentgen Epilation. — When an infection of the scalp 
is caused by iunjri which are also pathogenic to animals, epilation of 
the scalp hair by means of the x-rajh is rarely, if ever, required. If 
the inflammation is severe enough to produce large pustules and ker- 
ions, it is customary to apply mild wet compresses; spontaneous caire 
usually follows without the necessity for intensive treatment. In 
infections of Jess sev'erity, fungicidal applications with frequent v.'ash- 
ing of the scalp with soap and water is usually sufficient to effect a 
cure. It seems that when infections respond w'ithin two to twelve 
weeks to topical applications alone, one is not justified, except for 
special reasons, in advising roentgen epilation. 
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In infeitions oi the scalp ’Rhich are caused by fungi not usualK 
transferable to animals, epilation nith x-ra\s is the method of choice 
Microsporon audouini, Trichophj'ton Molaceum, and Achorion 
schoenlemn (fa\us) arc the organisms of this group most commonlj 
isolated m New \ork Some phjsimns prefer to produce depihtion 
of the scalp hair b\ means of the thallium salts Lcv.is and Hopper 
were unsuccessful in elTccting cure of such infections bj topical rem- 
edies of mari% different kinds, estrogenic substances attempted sub- 
stitution of another fungus short a\ aa e uUraa lolet raa s and treatment 
b\ aaccines If the extent of the fungus infection is slight manual 
depilation ma\ be sufficient to effect a cure m some ca'^es 
X-rays vs ThalhuJn Salts as the Method of Choice for Epilation — 
Depilation of scalp hair from the ingestion of the thallium salts is a 
routine procedure in some clinics The results in the hands of somi 
obseri ers ha\ e been excellent and the method is preferred b\ them 
Thallium acetate is also of use when roentgen therapi is not axailable 
Due caution, howexer, must be shown since poisonous bv -effects are 
common IVc do not adxise the use of thallium acetate because it is 
dangerous As manx as 25 per cent of the patients to w bom the drug 
IS administered max dexelop reactions of xarjing intensities Some of 
the reactions max be so sex ere as to cause death The drug is xerx 
seldom used in the United States for the treatment of tinea capitis 
Filtered Ultraviolet Rays — Tlic use of filtered iiltrax lolet raj s (lYood s 
light) as a diagnostic measure m ringworm of the scalp was first 
adxocated bx Margarot and Dexeze Many obserxers baxe since 
confirmed their findings of the regular occurrence of fluorescence when 
infected hairs are obsorxed under the raxs Anxone undertaking to 
treat patients xxith ringixorm of the scalp should be equipped with a 
suitable apparatus to obserxe the scalps of all patients not onlx for 
diagnostic purposes but in order to folloxx the course of the disease 
and determine xxhen cure has occurred 
Appara/iw — Formerlx anx ultraxiolet rax source— usuallx a 
Kromaxer light-— was used The ultraxiolet raxs passed through a 
special glass filter containing about 0 per cent nickel oxide Now 
special lamps are made for the purpose bx leading manufacturers 
The Westinghouse Ilanoxiaand Stroblite Companies supplx suitable 
apparatus at low cost Special bulbs max exen be used These 
hoxx ex er are not x erx efficient 

ippearanceof Hairs InfeeferW lihFungi — In ^Microsporon infections 
the infected hairs max be obserx ed as bright green stumps In infections 
due to Fnchophxton endothnx the affected hairs are dull and bluish 
In fax us the hairs are greenish but less luminous than m infections with 
Microsporon In Trichophxton ectothnx no fluorescence is noted 
Manx skin diseases haxc a characteristic appearance xxhen obserx ed 
xvith filtered ultrax lolet rax s Costello and Luttenberger hax e re- 
centlj published an article dealing with this w hole subject 
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Preparation of Patient for Treatment.— The preparation of a patient 
for roentgen treatment of tinea capitis is of considerable importance. 
The most important point of all is to ascertain what treatment has 
been recently applied to the scalp. If irritating ointments or lotions 
have been used (iodine, croton oil, mercur}^, sulphur, chrysarobin, 
tar or salicylic acid), it is preferable to allow a period of two weeks to 



Fig 137 — Position for epilating point A The patient lies in a supine position wi i 
Ins head supported bj^ sandbags The entire face is protected by a lead shield Note tha 
the shield touches the antenor hairline The central portion of the beam of x-rays 
strikes point A perpendicularly. 

elapse between the last application and the roentgen treatment. If 
the scalp is inflamed as a result of such applications, a period of two 
weeks should elapse after the disappearance of the inflammation before 
the a:-rays are administered. 

The hair should be cut close to the scalp Removal of the hair not 
onlj' facilitates making the necessary marks and lines (to be described 
later) on the scalp, but a bald head is much easier to handle than 
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one contuning a ncilth of long hiir The held should be mshed 
wjth soip and ater prior to the treatment 

Finalh nithner\ousorunrul\ children, oneormorerehearsaIsma\ be 
nece'ssar^ before the child acquires sufficient confidence to allon the 
head to be placed in position and to keep it in position during the 
treatment As a rule it is remarkable hon nell these little patients 
beln\e but occasionalh a child is encountered tint tries the patience 



Fig 138 —Position for epilating point P The patient lies in a supine position w ith 
his head turned to one side and supported 1^ sandbag A protottiv e lead shield co^ ors 
the entire face 


of the ph^ sician and teclimcion to the limit of endurance OccasionalK 
it IS necessar^ to administer an opiate before the treatment 

Age o! Pahents —As a rule it is impossible or at least \erv difficult 
to depilate the entire head of a child under two or three \ears of age for 
the simple reason that the patient will not remain quiet It is well 
not to epilate the scalp of an infant because there is theoretical danger 
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that this close might delaj^ closure of the fontanelles and union of the 
suture lines. In children under two j’^ears of age methods of treat- 
ment aimed at control and prevention of the .spread of the disease 
should be instituted. Cure, if possible, should be attained with topical 
remedies 



Fig 139 — Position for epilatini; point E The patient lies in a supine position nitli 
hib head turned to one side and supported by 6andbac^>. The entire face and back of 
neck arc protected with lead shield 

Technic. — The method of marking the scalp and the angles of inci- 
dence herewith described were finst advocated by Adamson Proceed 
as follows: The circumference of most scalps measures 19, 20 or 21 
inches The directions which follow apply to a 20-inch scalp. For a 
scalp measuring 19 inches the points are 4.75 inches from each other 
and one measuring 21 inches, the points are 5.25 inches from^ each 
other. A mark is made (with a .skin pencil) 2 inches (5 cm.) in.side 
of the hairline above the forehead in the median line (Fig. 137) Ihis 
may be designated as point A. A steel tape measure is then plaeed 
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with zero on point A ind stretched along the mednn line o\er the 
vertex to the neck At 10 inches (25 cm) 'mother mark is made- 
point B (Fig 140) This will iisnallv be about 2 inches (5 cm ) inside 
of the hairline on the back of the neck but will varv somewhat in 
accordance with tlie size of the head Points A and B should be 
adjusted so that thcv arc about the same distances inside of the ante- 
rior and posterior hairlines As a matter of fact \ and B, m some 



FiQ 140 — Pc'?!!!©!! for cpilatine poiot B The patient lies m a prone position with 
the head and chest supported by sa^baj^ m order to obtaioj the proper buBulalion of 
the head The protectire lead shield co\ei5 the neck and face 


instances, maj fall exactly at the hairline but this makes no difference 
so long as the distance between them is exactly 10 inches (25 cm ) 
Point C IS then indicated b\ a mark m the middle line exactlv half 
waj between points A and B (Pig HI) On everv skull there is a 
flat surface just anterior to the occiput and point C will fall from 1 
to inches (2 5 to 3 75 cm ) in front of the center of this area One 
mav insist upon point C being exactly at this location and adjust A 
23 




355 


DL^EASES DUE TO FUNGI 


and B so iLat tLey titH he just -5 inches (12.b cm.) anterior and posterior 
to C. Point D is then located just above and in front of the right 
ertemal auditon’ meatus (Tig. 135). The exact position of this spot 
is found bv measuring 5 inches (12..5 cm.) from A, B and C. Pomt E 
represents the same location on the left side. It is essential that each 
point be exactly 5 inches (12.5 cm.) from the nejrt nearest point. 



-TIG- 141- — for pGCut 'C'- "Xb-S psrfci?iil lies aprons jJOstiGii Tvitli "tbs 
T .ic'} GO -s Xbej^'-a’av t'JOs ifltyed i>G iiiB.'t "tibe Gentrsl tsjs of tbs ^r-rsj' 

zFSEmi Aoolis pcGoi C peroso'flGblsj’t'- protscTsve Iss-d .sbl^d ocn'src tbs zi^th ■and baclo 

The nenr siep is xo dravr lines between the various points (Fig. 
loE). This toT! di'ride the sealn into four triangular areas. The 
reason lor this will be made clear later- 
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Next, each point— A, B, C, D and E— receives in epilating dose of 
X rajs in the following manner 

For point A the child lies on his back on a table The entire face 
below tht hairline is protected bv lead foil or other suitable material 
The tube is placed with the anode exactlv over and exactlj 8 inches 
(20 cm ) from point A (Iig 137) It will be seen that the vertical 
rav swill strike point A, while half of the oblique ravs will fall upon the 
anterior and later il portions of the scalp 
Wide the patient lies on his back points 1> and T are irradiated 
The patient twists his liead to one side and the ear face, chest and 
shoulder are protected with lead foil The ear i> lield down with 
adhesive plaster in order to irradiate the hair in front and in back of 



Fig 142 —Unequal regrowtli of hair occasionally seen after treatment The areas 
where hair »s growing slonly were prcMouslj occupied by the disease The end re ult 
was perfect 

the ear Usualh the right side is imdnted first This is done to 
establish routine and habit so that if the operator is interrupted during 
treatment there is little likelihood of forgetting which side was first 
irradiated The perpendicular vats strike points D and E and the 
oblique rajs fan out oier the anterior posterior and central portions 
of the scalp The right anterolateral portion of the scalp recenes 
oblique rats from three points nameli A C and D The left antero- 
lateral portion of the scalp reccii es oblique r-a s from points A C and E 
The same applies to the postero-lateral portions of the scalp receli mg 
radiations from points B C and D and B C and E It can thus be 
seen that the lateral portions ol the scalp recene g-rais from three 
points The amount of radiation which falls on the lateral portions 
of the scalp is greater than that fallmg on each of the focal points 
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The amount has been estimated as about 50 per cent greater than the 
epilating dose. J bus it is that hair falls sooner and grows more slowly 
in the lateral portions of the scalp. However, this amount of over- 
irradiation is not dangerous and A\ill not lead to permanent alopecia 
or to radiodermatitis if the technic is carefully carried out. This 
method ol scalp epilation has ceitalnly stood the test of time. 



Fig. 143 — Sho 1 ^s thi lo=h of Jiair ic'-uJtjrjK frou) •> •--njijile exposure to Point D without 
exjio^-urei- tieiriK made to oO’c-'r parts of tlie liead 

'J'he patient then lies on his ‘y5mach A\ith the forehead resting on 
a low firm pillow and the chest/aised fiom the table by the use of sand- 
bags. Point B is now inad;4ted, the dermatologist remembering to 
protect with lead foil the baep, shoulders and ears. The perpendicular 
rays tall on point B and tl.e oblique rays fan out over the entire oc- 
cipital area and lateral sui faces of the scalp. 

Point C is the most difficult to irradiate because the patient has 
to maintein an awkward position for several minutes. The patient 
and Btc chin is raised from the table by the use of 
san bags. ^ It ^ desirablo to laise the head sufficiently so that a plane 

oug point C is parall cl to the table. The ears, face and back are 
pro ec ^ vhile point C f s irradiated. The oblique rays fall towards 

tto” r+h' andj lateral surfaces of the scalp. 

- Ls o e utmost impoj.-tance that each treatment be at right angles 
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toeven other treatment 1 orinbtince, an imaginarN line drawn from 
the anode to point A will lie it HRlit anRlcs to lines extending from 
the anode to points C D, and E Tigs 137, 138, 139, 140 and 141 will 
explain these angles better than w ords and, also, the^ w ill demonstrate 
that the lines driwn on the scalp between the fi^e points aid one in 
quickh determining tJic correct angle 



Fig 144 —This photograph shows liow loose hair is removed with adhesive tape 
18 to 21 days after an cpitaling do^ of x rays 13 applied according to the Kienbock 
Adamson technic m a rase of tinea capitis 


A stud\ of these illuvtntions Will show also how the ^e^^lcal raNs 
strike the fi\e points while the oblique ra\s from one treatment overlap 
and reinforce similar ravs from other treatments For instance, if a 
full epilating do'« is administered to point E and to no other portion of 
the scalp the hair will fall out over onh a verv small area (Fig 144) 
The Dose —There does not appear to be v er> much difference in the 
susceptibility of the scalps of children between the ages of two and 
twelv e insofar as epilation is concerned Tliree hundred r (1 skin unit, 
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unfiltered) measuied in air with theSeitz-Glas^er type Victoreen r meter 
which has been specially calibrated for use with low voltages is the 
epilating dose This will nearly always produce a complete defluvium 
This IS a safe dose but it must not be exceeded except in cases where 
the tolerance is known to be greater. Two hundred and twenty-five r 
(I skin unit) has been known to produce defluvium in a female blonde, 
twenty-two years of age, who had psoriasis At the other extreme it 
required 375 r (1| skin units) to depilate the head of a female brunette 
afflicted with favus To depilate the scalp of an adult 350 to 400 r are 
required 



Fig 145 — Shows complete and uniform epilation 21 days after a:-rays were applied 
according to the 5-point I&enbock-Adamson method Three hundred r were applied to 
each of the five focal points 


The epilating dose is to be administered to each of the five points in 
succession in one session If for any reason the five areas cannot be 
treated at one sitting it is permissible to expose one area daily increas- 
ing by 10 per cent the dose applied to each point If the intervals are 
greater than this the hair may fail to fall out. The beginner should 
not attempt the .r-ray treatment of this disease until his apparatus 
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has been calibrated bj aph\sicist and his technics have been standard- 
ized and repeatedh checked, and he has had experience with the x raj 
treatment of v arious cutaneous conditions lie must be certain of his 
epilating or erj'thema dose whicli are the same and correspond with 
the skin unit 

We and our associates have emplojed the combined method of dose 
estimation (Chapter X^ll) in this work for over twentj jears The 
heads of over 6000 children have been depilated without a single 
case of permanent alopecia Hazen reported 225 patients treated in 
this manner In one instance there was permanent baldness and in 
another patient the subsequent growth of hair w as sparse Hazen was 
able to locate a technical error thus supporting the accuracj of the 
method if properlv conducted The bad result m one patient was due 
10 the stopping of a watch and in the other it was due to too much 
motion of the head 11 Fox and Anderson treated 98 children with 
tinea capitis bv the combined ar-raj method There w ere no bad results 
rile hair failed to fall out in 5 cases We, also, have had a number 
of cases m winch the hair did not fall, and the treatment had to be 
repeated The failures were due to overconservatism In a recent 
publication bv C Guv Lane and Crvwford tins statement appears 
The average amount of radiation required to produce 100 per cent 
tpilation was a httle ov er 300 r (300 6) as measured bv the Victoreen 
meter ’ This confirms our published reports and those of Holthusen 
who added further that epilation is not dependent upon quahtj within 
certain limits 

Filtered X-rays —It is doubtful if filtration offers anv advantage 
In fact It would stem to be contraindicated because of severe svstemic 
reactions and possible injury to the brain Buschke, Klemschmidt and 
Outmann report severe svstemic reactions and Buschke and Klemm 
not onlv these, but radiodermatitis, permanent alopecia and failure 
to depilate in a large proportion of tlieir cases Light filtration 
medium v olt ige and a dose of no more than 350 r to e ich point should 
be safe and effectual if all other points of the technic are carefully 
c irried out 

Margin of Safety —The margin of safety is considerable Perma 
nent alopecia has never resulted from a dose of 300 r (1 skin unit) 
Occasionallv the hair will fall after an application of 225 r In some 
instances epilation w ill not be effected by a dose of 300 r It probably 
requires 500 r or more to effect pennanent alopecia 'S en small areas 
will of course tolerate larger doses than will full-sized areas 

Fixation of Head —It Ins been found bv experience that most children 
will hold their heads quietly during the exposure if they are properlv 
handled Some become nervous frightened and unmanageable if an 
attempt is made to fix the head bv me of sandbags, weights, and 
various mechanical devices A little time and patience usually over- 
come anv fears that a child might develop One cause of restlessness 
on the part of the child is sparking from the protective lead foil 
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This can he pre\ented hj using le'id-nibber instead of lead foil A 
sheet of this flexible material can be cut into three patterns— one for 
the forehead and anterior face one for the sKle of the face neck and 
ear and one for the back of tlic neck and shoulders (Figs 14G, 147 
and 148) The same patterns mil answer for even child and thej mil 
lastforjcars Excessive restlessness can l>elebsemdb> the administra- 
tion of an opiate but it is seldom necessarv 
Tune Distance Voltage and MiUiamperage — Ihese fictors max be 
anv thing the operator desircb within reasonable limits If the work 
must be done ripidh amperage or \ oltage mas beincreiscd Experi- 
ence has shown that for the majontv of cases a working time constant 
of two or three mimitca is sitisfictorv It is neither too slow nor too 
rapid Greater rapiditv is likeh to be associated with less accuraev 
longer exposures trv the patience of the clnhl 

Our work has been done with between 00 and 100 k\ Theoreti- 
callv a lower voltage because of less pcnetrition might be preferable 
Higher voltage might produce too much penetration It is preferable, 
for routine work to increase the milhampenge instead of changing 
distance or voltage when verv short exposures are necessarv 
All factors must of course remain constant throughout the exposure 
The onlv important difliculties will be associated with time and 
distance The tune should be kept with a stopwatch The operator 
must, so to speak keep one eve on Ins milhammcter and voltmeter 
and the other on the patient’s head If the liead moves perceptiblv 
upward tlowTwvard or sidewise the exposure must be at once inter- 
rupted It IS such interruptions that are likclv to cause confusion in 
timing the exposure and this is the reason for the stopwatch 
Subsequent Events —Some children exliibit a slight elevation of 
temperature, loss of appetite restlessness and other sjmptoms of 
mild indisposition the dav of, or the dav following the treatment 
These svmptoms are not common and mav be ascribed to the nerve 
strain or maj be a mild varietv of radiation sickness In no instance 
have convulsions or otlier alanning svanptoms been noted It is pos- 
sible that this svstemic reaction might be avoided if lower voltage is 
used 

A week or two after the treatment there mav be a verv slight 
ervthema of the scalp which subsides m two or three davs leaving 
pigmentation Pigmentation ma> develop without antecedent erv- 
thema Thisisrarel> observed A week or ten davs subsequent to the 
treatment all the ringworm areas are hkelj to become mflamed and 
painful This is especially marked in mstances when the lesions are 
numerous and active and particularlv so in the infrequent occasions 
when the ar-raj s are used in the treatment of the suppurativ e type of the 
disease The child is hkely, under these circumstances to show toxic 
svmptoms including a more or less generalized erv thematous papular 
or squamoua eruption These reactions are seen m tinea capitis caused 
by the M lanosum None of these symptoms need occasion alarm 



366 


DISEASES DUE TO FUNGI 


A true first-degree radiodermatitis i. e., an erythema developing 
from five to ten da^'^s subsequent to the treatment and enduring for 
from one to three weeks, may or may not be followed by permanent 
alopecia The outcome is simply uncertain. In the majority of such 
instances the hair will regrow, although its reappearance will be delayed 
and the new growth is likely to be sparse and not of good quality. If 
the reaction is associated with edema or erosion (second-degree 
reaction) the hair m all probability will not regrow. The cause of a 
first- or second-degree radiodermatitis is practicallj’^ always overdosage. 

Ordinarily the defluvium begins about the eighteenth day and is 
complete by the twenty-first day. It may occur a few days sooner or a 
few daj^s later A complete defluvium, while desirable, is not alwaj^s 
necessary for a cure We have seen cures follow veiy incomplete 
depilation At the time of defluvium there may be a faint erythema 
which disappeais in a few days. 



Fig 149 — Disseminated I'lngworm befoie tieatnieiit 


Fig 145 shows a head that was depilated by the Ivienbock-Adam- 
son five-exposuie method It will be noted that theie is no hair 
remaining. The patient made a complete lecovery Figs 149 and 
150 represent a patient with disseminated ringwoim before and after 
irradiation Fig 150 shows the tanning so often seen subsequent 
to the treatment Patches of apparent depigmentation coi responding 
in size to the original areas of tinea maj"^ be noted as a temporal y sequel 
This is usually observed in Negro children. 


TINEA CAimS 


3G7 


The hair begins to regrow m from one to three months subsequent 
to the deflu\ lum If there is no evidence of regeneration in si\ months 
permanent alopecia inav result Ihe regrowth of hair is usualh 
vigorous but at times it is sluggish These v anations depend, appar- 
entlv , upon the size of the dose Verj rarelj- the new hair is of different 
qualitv from the original growth If the original growth was curh 
the new hair might be straight and rice tersa It maj be a little coar'ser 
or a little finer in texture Also, the color maj be a little lighter or 
slightlj darker These variatioiia inaj be idiosvncratic Sometimes 
the new grow th of hair w ill lie less rapid m the nngw orm areas than on 
portions of the scalp where there was no disease 



Fio 150 — Simc js ri„ 149 nflcr tre itnieiit lo 11‘0 Kn»r»bock Vdiinsin 
iictliod 


Time saving Devices — Ihc Icad-ruhber aluthK mentioned in a pre 
vious paragraph are a gix xt comfort 1 liev do not cause sparking and 
thev do not irrit xte and annov the patient 1 hev can be adjusted in a 
few seconds Being flexible and heavv thev remain in place Ihev 
were first used bv A Howard Pine of Montreal 
A marker or stencil was devised b\ JIacKee and Andrews which 
also saves time A description of this marker and its use follows 
Heads bccau'ie of age sex race etc differ somewhat m both size 
and shape This makes no material diflercnce m the results obtained 
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with the Ivienbock-Adainson method of preparing the scalp for roent- 
gen-ray treatment (see below). It does, however, make it difiicult to 
construct an instrument or maiker that will instantly and accurately 
indicate the Kienbock-Adainson points and lines on any head. 



Fig 151 — Tjnei cipitisancl tmo.iof tlicpl.ibiousskm piioi to i-iwtheript 

The circumference of the head of the average patient nitli tinea 
capitis IS 20 inches (50 cm ), providing tJie circumference is obtained 
fiom points in tlie sagittal plane, 11 inclies (3 75 cm) inside of the 
anterior and posterior hairlines and from points 1 incli (2 5 cm ) above 
each pinna iMcasuicd in this inannci,' tlie heads of some children 
show a ciicumfcrencc of 21 inches (52 5 cm ), while in otliers the cir- 
cumfeieuce is only 19 inches (47 5 cm.) The cncumfeicnce of adult 
heads, free of hair, is usually about 22 inclies (55 cm ). 

The instrument oi maikcr has been used for some time, and it has 
given admiiable serMce m ways that Avill be mentioned later It 
can be made by the operator out of an oi dinary flevible steel tape- 
measure The maiker is simply a duplication, in metal or other 
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maternl of the Kienhock- Vdamson points ind lines The base is a 
circuhr band to ^^hlcll are attached two crosspieces The ends of 
the crosspieces are ri\ eted to the circular band at the anterior, pos- 
terior and lateral points Tlie intersection of the tw o crosspieces is 
also ri\eted A glance at the photograph of the marker will show 
that the crosspieces arc set at right angles to each other and at right 
angles to the circular band 

I’or children, the marker is made m three sizes The one that is 
used bj far the most has a circumference of 20 inches (50 cm ) and 
the Kieiibock-^damson points are 5 inches (12 5 cm ) apart For 
smaller heads the circumference is 19 inches (47 5 cm ) and the points 
arc 41 inches (11 875 cm) apart hor the larger heads the marker 
has a circumference of 21 inches (52 5 cm) and the points are 5^ inches 
(13 125 cm ) apart 



After the scalp h nr has Ixen clostK chppeil it requires about ten 
ml^utc^ to mark out a scalp h\ tlie tape method The time consumed 
will depend upon the skill of the operator tin shape and size of the 
head and abo\c all the btlia\ior of the patient 

It requires not more than slxt^ or nmct\ seconds to in ip out the 
scalp with the tinca-markcr The child mstca<l of hemg apprehensn e 
IS rather imused and intercstcil The instrument is used as follows 
The patients famih shouhl be instructed to haxe the patients hair 
cut \er\ close to tlic scalp Hair clippers should be used The 
marker is then placed on the scalp with th< anterior and posterior 
points in the middle line and at equal distances inside the anterior 
and posterior hairlines A fine is then drawn on the scalp along the 
inferior border of the circumferential band lines are also dnwn 
rfong the crosspieces Dots are made at the intersecting points 
The marking can be done nitli a skin pencil with ink or with a dull 
pointed indehUe pencil that has been moistened with water In the 
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case of a very daik skin, white ink is advantageous Iodine oi other 
irritating chemicals should not be employed for this purpose. 

Possible Dangers.— The possible specific dangers associated with the 
x-ray treatment of tinea capitis consist of permanent alopecia and 
injury to the brain. 



I'lG 153 — Tinea-markcr (homemade variety) placed m proper position on scalp 



Fig 154; After the scalp has been mapped out vith the tinea-marker and an indelible 

pencil, and the marker removed 
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MacLeod disposed of the second item ns loiij; apo ns 1000 Me nnd 
our nssoentes ln^e treated o\cr COOO pitients in tlic past tliirtx \ ears 
In France and England manj thousand cases lia\e been so treated 
Yet there is not a single record in the literature of injiirj to the brain— 
either immediate or remote Tins is true for children of an\ age, e\en 
infants, and uitli an^ qualit\ of radiation, 'with tlie understanding of 
course, tint the dose is limited to that required for epilation 



Pio loS — Atroj»h\ tchn^itcla i** and pprmnnent alopcm due to pxce suei raj dosape 

rhirt\ \tarj> ago penmnent alopecia following irradiation for tinea 
capitis occurred rather frequenth Ihcn in a period of about fi\e 
\eari this unfortunite result occurred in the proportion of about 
2 or 3 in 1000 Most of the experienced operators haxe had no such 
cases in the past twenty jtars Me had 1 case of permanent alopecia 
in 1912, the result being due to a technical error made at a time when 
technic was coinparatneh xer\ unreliable Since 1912 not a single 
case of permanent baldness Ins occurred in our laboratories m spite 
of the fact that the technical work has been done bj a number of 
phjsicians, technicians and students, alwaxs, of course, under proper 
supervision As far as can be ascertained b\ experience and a knowl 
edge of the literature, there is no danger of permanent alopecia w ithout 
an antecedent ndiodermatitis of at least the first degree There is 
no danger of such ndiodermatitis on the scalp unless the dose has 
exceeded 300 r or unless there has been an error of judgment such as 
using irritating chemical'^ repeating the ar-ra\ treatment too soon 
m case of relapse etc There is alwaxs the question of idiosxncrasx 
but, fortunateh, this unpleasant possibilitx is uncommon 
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TS'iUiams studied tl'c l-nir after the administration of intensive and 
fractional doses of ’-ro' ■' He found no nutritional changes in theJiair 
after a single cpilat>' / <iose '\‘Mien repeated small doses had been 
applied TO the stalp ni.’ntive alteration of the hair t\as quite marked 
In 'Jns connection \‘i on-on noted ringed hairs (alternate light and 
dark areas due to ir-* jular air content t among tlie depilated hairs 
following a single cn'Ui.ni: do^^c It can I>c said witli oertamt) , after 
o'ver thirty ycar.^ ojtcr’cme \\ith the .r-ray treatment of ringitorm 
of the scalp tliat, iiarnni: oxccS'ive dosage, there is no deleterious 
effect on the hair 

Subsequent Treatment 'i'lie r-rnys c*ausc epilation, they have no 
direct ettoct on tlu fei gO' The fungi inhabit ilic hairs and when the 
hair falls the orga’ > i.- . re remo\ed from the folliolos. If an\ organ- 
isms remain on the diM-r .n tlie follicles after the hair begins to regrou 
the disease agna In ■ i .1 - a< ti\e. I'nrlliennore, fungi are likeh to he 
in the house 111 tlu < ! >;! ng or im other children, so that when the hair 
begins to grow Ti'i! I* ' : max occur. To avoid relapse and reinfection 

it is advisable t" ‘o > ’.ntijiarjiNitic treatment to the .«calp 

Between the t' ■ , tte.ument and the dcihnimn and during the 

latter, the 'laip waslu‘d daily with <oap and water If there 

is cctnsideralile n ' i<>n in the diseaseii areas a wet dressing of 

alumimnu atet..' „u acid i^ indieated. After the defiimum 

the seal]) ina V >1 i.nb\ witli a ] to .lOOO solution of corro'we 

suhlimate m 'wi ; lolud One week after the defliiviuni it i' 

pennissihle to a,> a a jicr cent ointment of ainnioniated 

mercury or puiii 'iljdinr. Two week': later the strength oi 

tliese applkatioiiv tnereased Irritating chemicals should not 

be emplo\ ed for t hi ,\ w ocks after the treatment and. later, when 

Bie\ are u'Hid the 1 .'uld be watched for signs of inflanmiafion 

At tile slightest ^ign 1 non sootliing a]iphcatinns must be at once 

substituted. 


The iioninfected tlu • , of the same famih should luneadar 
sb^pooand rccene toj . .1 applications as a proplp lactic measure 
'tben the hair begins n ii is a good plan for the plnsiciaiH 
to apply strips of .uihesicc plaster to the scalp ‘" 1 01 
iinutea these are remo\c<i with the loose hair attaclied (Fis- _ 
j. ae,\ are then burned 'I'lic prot'edure is repeated the followui? ■. 

hairs. The scalp should also be obseM 

bave^be Scut'’ ''‘k ' m J "'lei 

detiS ^ cap-one that c n be Foil^' 

^ ^^Peciallc imnortant wben tbero arc imiufocted child 


dPTall ar. - cap-one that c n be 

in tbe'same hoS''^^' ibiportant when there arc imiufoctc c 

be notedSvL^t~T^^'^ (padnal disappcarant'c of 

De noted when the hair bemns to fall The patient dio^dd no 

discharged uniil ^ ! a „iider 

"‘.''"'e* """'y '*"*'"1 ™,rt. 

In endothriv exammntions at least one wt'ck ap« . 
in endothris infections the fluorescence is difficult to obseno-^i 
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the infected hairs are frequently buried, and since fluorescence is not 
as pronounced as ^ith jNIicrosporon In endothnx infections, micro- 
'scopic and cultural studies should be negative on "several occasions 
before the patient is discharged 

A mild scalinc'ss is often noted after irradiation for tinea capitis 
In the absence of fluorescent stubs and if the examination for fungi is 
negative this scahness should be treated with soothing emollients or 
with mild sahevhe acid ointment 

Relapses —If proper precautions are taken relapse-' will not occur in 
more than 0 5 per cent Reinfection occurs a little more frequentlv 
Reinfection and relapses combincil even among outpatients, is not 
greater than 5 per cent Relapse is more common when the infecting 
organism is a TVichophv ton endothnx such as Tnehophv ton v lol iceum 
than in the more common I\ricrosporon infections We hav e observ ed 
instances in which relap'^c followed two and in one ca'^e three roentgen 
epilations, administered several months apart 

Treatment of Reinfection —The (picstion ari'^es how soon after 
treatment can a scalp be again irrailiaterl in case the first treatment 
failed to effect a defluv aim or in case of relapse or reinfection 

In case of reinfection or recurrence tbe scalp mav be again irradiated 
as soon as the hair is grow mg v igorouslv This w ill v arv from three to 
SIX months or even longer 

The authors have had numerous cases where a single small area was 
depilated and later the entire scalp became infected necessitating 
a universal defluv aim As soon as the hair began to grow v igorouslv 
in the treated area tlie entire scalp was irradiated In not a single 
instance was there a permanent alopecia os a result of the double 
exposure and m a few instances the hair began to grow sooner and 
grew more rapidlv in the original patch than upon the rest of the head 
(Fig 156) 

Advisability of Depilating Entire Scalp —Man\ ringworm patients 
when first seen present onlv one or a few small areas of disea'?e In 
such instances, providing the parents have the intelligence time and 
interest necessarv to carrv out the phvsicians instructions it is pos- 
sible to effect a cure by confining the treatment to the affected areas 
As a rule, especiallv in dispen«;arv work such treatment is followed 
by a dissemination of the disca'^e throughout the entire scalp The 
reasons for this are 

1 At the time of the treatment all visible areas of disea<;e are 
exposed But there are hkelv to be infections m other parts of lie 
scalp which have not become manifest at the time of the treatment 
Such hidden infections mav not even be steii when the scalp is observed 
under filtered ultraviolet ravs 

2 Infection of other parts of the scalp mav occur after the treat- 
ment in spite of intelligent prophv lactic measure-^ The fungi mav be 
^ansferred from old to new area by the fingers or bv the cap or hat 
The fungi may be scattered around the house 

24 
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3. Dissemination of tlie disease is likely to occur at the time of the 
defluA mm 



Fig 156 — Rccrowtli of hair two months after universal dcpilation w'lth r-rnys 
In this instance the areas m which the growth of hair is most vigorous were formerly 
occupied by the disease 

Fig, 157 shoAVs a scalp Avitli a silver-dollai -sized aiea of iingworni 
A palm-sized area, including the lesion, was depilated (Fig 158) 



Fig 157 — A small patch of ringworm 



Fig 158 — X-ray dcpilation of hair 
in and around the patch of rmgivorm 
shown m Fig 157. 


Shortly after the defluvium the disease spread over the entire scalp 
as shown m Fig 159 In this picture one might think that the scalp 
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had been depilated b\ intanj, of the a'-riNs Such, ho^^e^e^ is not 
the ca^c I'\en Inir on the head was broken oil close to the scalp 
as a result of the disease The patient was then treated b\ the fi\e- 
exposure method SubsequentK the hair redrew lu\uriantl\ and 
there was no further trouble I ip: 100 represents a child who liad 
se\eral dime-sized areis of ringworm in a circumscribed area \ 
single area was depilated as shown in the picture Tlie remainder 
of the scalp remained normal and the hair regrew m the irradiated 
area m the usuil time Lcwi6 has rccentl^ reported a senes of fa\or- 
ahle results obtained hi epihtmg with ;r-rns onh those portions of 
the sc lip which were infected Jhe authors do not faior spot epila- 
tions bccaii'ic of frequent f ulurcs 


fr^ ~ ^ ^ 



I IG Io9 — Sntne p^tlent hown nt Io7 itnl I5S W he« the Lair fell out U 
spread oxer and infected the rest of thcbcalp The di:>caac 1ns caused a breaking off of 
all the hair close to the scalp Tina picture was taken before the fixc-esposiire method 
was u cd The patient was later treated this method with a perfect result 

Hazen records the case of a pneate patient whose mother refused 
to hai e the w hole scalp depilated Tliirtx -four treatments w ere gi\ en 
to \arious-sized patches before final reco\er> took place Most opera- 
tors have had this same experience 
Permanent Injuries Not Caused by X rays —The T-ra\ s are sometimes 
blamed /or undesirable results that are parth, often entirely, due to 
the disease In Tig 162 is shown a box xxho had multiple kerions 
(suppuratixe nngixorm) The permanent alopecia here is partlj due 
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3 Dissemination of the disease is likelj^ to occur at the time of the 
defluA-ium. 



Fig 156 — Pl<?^:ro^^th of hair tiso montlis after unnorFal depilation with avrays 
In fhiF inElance the area? in which the growth of hair ib most 'iigorous were formerly 
occupied Ijy the di^eapc 

Fi;?, 157 shows a scalp with a silver-dol Jar-sized area of ringworm 
A palm-sized aiea, including the lesion, was depilated (Fig. 158) 



Fig 157 — A small patch of ringworm Fig 158 — X-ray depilation of hair 

in and around the patch of ringworm 
shown in Fig 157. 

Shortly after the defluvium the disease spread over the entire scalp 
as shown in Fig 159. In this picture one might think that the scalp 
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had been depilated b\ means of the T-raas Such liouc\er is not 
the case E\er% Inir on the head was broken ofl clo'^e to the scalp 
as a result of the disease The patient was then treated b\ the fiae- 
exposure method Subsequenth the hair regrew hmirianth and 
there was no further trouble lig 160 represents a child who had 
seaeral dime sized areas of ringworm in a circumscribed area A 
single area was depilated as shown in tlic picture The remainder 
of the scalp remained normal and the hair regrew in the irradiated 
area in the usinl time Lewis Ins rccciith reported a senes of faaor- 
able results obt lined b\ cpihting with a--raas onl\ those portions of 
the scalp which were infected Jht authors do not fuor spot cpila 
tions bcciusc of frequent f iilurcs 



Fig 159 — Sime pitient shnun ii» 1 its lu”^ “iiul 158 When the hair fell out it 
spread o\er and infected the rest of the scalp The disease has caused a breakinE-off of 
all the hair close to the scalp This picture was taken licfore the fi\c esposiire method 
was used The patient w as later treated by this method with a perfect result 

Hazen records the case of a private patient who-NC mother refused 
to have the whole scalp depilated Thirtv-four treatments were given 
to various sized patches before final recoverv took place Most opera- 
tors have had this same experience 
Permanent Injuries Not Caused by X-rays — The ar ravs are sometimes 
blamed for undesirable results that are partlv, often entirelv, due to 
the disease In Tig 162 is shown a boy who had multiple kerions 
(suppurative ringworm) The permanent alopecia here is partly due 
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to tlie destruction of the liair follicles b\ the dise I'^c ind ]) irlh b\ the 
J•-ra^s ''hich \^c^e ‘Klininistcrwl in a dispensars b' tlie fractional 
method man' 'ears igo Aieas of peimancnt alopecia lia'e been 
noted, also, in small-spored nngaomi Scars, atroplij and permanent 


hi I 



lOi— Atroph} and some pcrminenf nlopcci^ ciu ed pirtlj hj j rays nnd partJj 
b> iho kenon t\i>c of rmewonn 



Fio 163 —Kenon type of nngwonn after depihtion 


alopecia are seen m cases of tmea capitis tMth secondary pjogenic 
infection The undesu-able results are due to the superimposed infec- 
tion and not to the treatment Sometimes the use of caustic agents 
will cause scars of the scalp 
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Treatment of Kenon.— Pustular ringworm of the scalp, of which kerion 
is the most severe form, usually responds satisfactorily to conservative 
therapeutic measures. Roentgen epilation should be used with cau- 
tion, or: 

1. Further local spread may result, 

2. Toxic eruptions (ids) may be produced. 

3. Permanent alopecia due to the infection might be considered due 
to .T-rays (legal complication). 

Epidemic of Tmea Capitis.— New York City and other cities through- 
out the United States are now in the throes of a ringworm epidemic 
affecting the scalps of children. The predominating organism is the 
M. audouini. It is the most severe epidemic ever experienced in 
this country There are many thousands of cases in New York City 
alone. In those localities in which the epidemic is best controlled, 
treatment has been with epilating doses of .r-rays. During this epi- 
demic many new drugs and combinations of drugs have been used. 
Ointment bases and other carriers, especially those that facilitate 
penetration of the fungicides, have been employed The medicinal 
treatment of tinea capitis caused by M. audouini has been unpotent. 
The largest number of cures without complications has been effected 
with a;-rays. We believe that the epidemic can be terminated by treat- 
ing all or most of the cases with .a-ray epilation as here outlined and 
by adopting “Measm-es to Prevent and (Control an Epidemic of Rmg- 
worm of the Scalp” recently published by Lewis, Silvers, Cipollaro, 
Muskatbht and ISIitchell. 

Fractional Versus Intensive Treatment. — If one desires to do so, it is 
possible to obtain a defluvium by means of fractional doses. Seventy- 
five r applied every day or two days for four doses will usually suffice 
for the desired result. Occasionally it is necessary to increase slightly 
the size of these doses. If defluvium does not follow this routine it 
may be repeated in a month with larger amounts The hair usually 
begins to fall out about eighteen days after the last treatment. The 
authors do not recommend this technic. It is not used m their clinics. 

Radium. — Radium has been used very little for the treatment of 
tinea capitis Mizzoni and Palumbo treated 132 cases with excel- 
lent results They devised an applicator consisting of a cap over 
which were placed tubes of filtered radium or radon at proper distance-s 
from each other and from the scalp. The exposure time is forty-eight 
hours. 

Simpson employs blocks of soft wood or cork (2x2x1 cm.) arranged 
to form an applicator having a superficial area of 100 square centi- 
meters Radon tubes are arranged on the applicator m the ratio of 
1.25 millicuries per square centimeter. Screened with 1 mm silver 
and at a distance of 1 cc an exposure of forty-five hours may be given 
in three periods of fifteen hours each. Radium treatment is so im- 
practicable that no one should consider using it. 
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FAVUS 

I i\ us of the ghbroiis skin issome»\Iiatinore reabtant to the applica- 
tion of topic'll remedies than ordinm tinea of tlie smooth skin The 
efficici of the x-riia in the treatment of such legions b not known 
I ai us of the scalp is i much more stubborn and serious disease than 
IS tinea capitis Unlike the litter it atticks persons of inj ige When 
occurring in children it does not necessanlv undergo spontaneous 
iniohitioii it the ige of puberti It destrois tlie hair follicles ind 
unless, cured mil iffect pressure itropbv of tlie scilp and peniianent 
bildness 



Fia 1G4 — Favus of the scalp shotrine thick crusts that must be removed before 
rocnleeDixation 

It IS the consensus among dennatologists that the a: ra\s offer pric- 
tieally the onlj satisfactorj method of coinbiting this disease when it 
attacks the scalp Radium his not \et been used for this purpose 

The technic of application is exactly the same as that outlined for 
the treatment of ringworm of the scalp Ihcre are howeier, a few 
special features to be considered In faius the scalp is Iikelv to be 
covered with thick and rather adherent crusts (Fig 1G4) The usual 
procedure is to use a soap poultice for two or three d i\s after which 
the crusts can be easilv removed 

Subsequent to the treatment it is verv important to wash the scalp 
daily and as soon as defluvium occurs dailv applications of a 1 to 5000 
solution of corrosive sublimate should be made The antiparasitic 
ointments (5 to 10 per cent ointments of ammoniated mercury or 
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precipitated sulphur or iodine or so<lium propiomtt) should be 
begun from four to si\ wttks ifttr the trcitmcnt ind continued (in 
the ^b‘^nce of infl nnnntion) for '>c\ er il months I lie sc'ilp sliould be 
ob‘'er\e<l under filtered ultruiolet rns Vs «oon is tin Inir begins 
to fill strips of adlHsi\e plister ipplud md reinoicd ini\ hasten 
couiplete depiUtion When onU *1 few infected Inirs remain, manual 
depilation b\ meins of foreep'. is frequtiitK successful m comiiletmg 
the cure llie ptrccntaijc of recurrences while higher than in tinei 
capitis due to "Microsjioron will lie much less with attention to the 
detiils of iftcr-trcatment 



lie ir" —1 cmt'tnrnt niopecin md ntroplu due to faxm 


The dost rcquireil for cpilition in easts of f uus is liKeh to be a little 
hrger than for tinea cipitis Ihis ma\ lie due in part to tht fact 
that the patients irt is i riiK oldtr A do-NCof 350 to 400 r should be 
gnen to cacli of fi\t points 

Before trtatmciit the plnsitnn should explain the nature of the 
disease to tlie patient or the patient s f innl\ Otherw ise the pin sician 
niai be unjustli blamed for tlie po-sible atropln and perm inent bald 
ness occasioned bi tlie disease Fig 167 shows a case of faiois that 
has been cured bi means of tlie x-riis The entire scalp was depilated 
Tlieatropln and baldness aredue to the disease and were present before 
the i-ra\ treatment w as gi\en 

To a\oid the sequels of the disease it is necessan to make an earh 
diagnosis and to apph a--ra\ treatment before permanent injurj to the 
scalp has occurred 
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precipitated sulphur, or iodine or sodium propionate) should be 
begun from four to si\ weeks iftcr the treitmcnt and continued (in 
the absence of inflammation) for st\ er il months 1 he scalp should be 
obscr\ed under filtered uItri\iolet rus As soon is the hair begins 
to fall strips of adlit-iUe plaster ippheil md remoied mn Insten 
complete depihtion ^Micn onh a few inftcttd hairs rtimin, manual 
depilation bN mtans of forceps is frequtiitl\ successful in completing 
the cure ’’ilic percent of recurrences while higher than in tinea 
capitis due to Microsporou will lie much less with attention to the 
details of ifter treatment 



I ic 107 —I ormnnent nlopcci'» nnd itroplij duo to fi\ us 


The dose required for epihtioii m cises of f i\ us is Iikeli to be a little 
larger than for tinea cipitis Ihis ini\ be due in part to the fact 
that the patients ire is i rule older A doseof 350 to4n0 r should be 
guen to each of fi\e points 

Before treatment the plnsitnn should explain the nature of the 
disease to the patient or the patient s f imil\ Otlien^ ise the pb\ sici in 
ma\ be unjustU blamed for the possible atrophx and permanent bald 
ness occasioned bj tlie disease Fig 107 shows a ease of fa\ais that 
has been cured b\ means of the a'-ni s The entire scalp w as depilated 
The atrophv and baldness are due to the disease and were present before 
tlie ar-ra\ treatment w as gn en 

To avoid the sequel'c of the disease it is necessary to make an earlj 
diagnosis and to applj -r-ra\ treatment before permanent injurj to the 
scalp has occurred 
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TINEA BARB^. 

(Ringworm of the Beard.) 

When the CcTUsative organism is Tricliophyton gypseum, there are 
usually boggy infiltrations with follicular pustules. The tendency is 
for spontaneous cure, so conservative measures (wet dressings and 
later fungicidal preparations) should be used. Roentgen epilation is 
seldom advisable with these patients. If the fungus responsible is a 
Trichophyton endothrix such as Tr violaceum there is only moderate 
inflammatory reaction present. A depilating procedure is usually 
advisable If there are onlj'^ one or two areas, manual depilation may 
be sufficient to effect a cure. Roentgen epilation, however, may be 
necessary if the lesions are scattered over the entire bearded region 

Technic.— The technic of application will depend upon the extent of 
the aft'ected surface. If there are one or a few scattered lesions it will 
suffice to irradiate the individual lesions A cluster of lesions may be 
treated m the same manner. At times it is necessary to irradiate one 
side of the face and neck and even the entire bearded region. The 
parts of the face and neck occupied by the beard constitute an exceed- 
ingly irregular surface and yet it is necessary to apply an equal amount 
of radiation to the entire aflected region This may be done by divid- 
ing the beaided region into a numbei of small areas by means of a skin 
pencil. Each area is then irradiated m succession, care being taken 
not to expose the same aiea twice and to avoid overlapping of the 
treatments. For many reasons this is an unsatisfactory and obsolete 
method. 

Kienbock’s Method.— Four exposures aie necessary 

1 Anode placed directly over the center of the upper lip. 

2 Anode placed directly over the angle of the right mandible 

3. Anode placed directly over the angle of the left mandible. 

4. Anode placed over the center of the chin m such manner that an 
imaginary line from the target to the center of the chin will be almost 
but not quite at right angles with a similar line running from the center 
of the upper hp to the target with the tube placed in the first position 
(Fig 168) To obtain this position it is necessary to have a specially 
constructed headrest or to place a sandbag or a block of wood under 
the back of the neck with the patient lying on his back A folded 
pillow will not answer the purpose because it may allow change of 
position during the exposure As shown in the figure the head must 
be thrown well back. 

Distance —A distance of 8 inches (20 cm ) is recommended It is 
very important that the target-skin distance be the same for each 
exposure. It is equally important that the head remain steady during 
the exposures 

Dose. Unfortunately the question of dosage is not so simple as 
when treating the scalp On the scalp an epilating dose will effect a 
defluvium without provoking an erythema. On the face an epilating 
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dose (300 r) is \cr\ hkeh to ciu»e a first-degree reaction and e^en 
a mild first-<legree rtaction ina^ be followed se\tral months liter b\ 
telangiectasia rnrthennorc in man\ instances, it requires a larger 
amount of radntion to depilate the beird than it does to depilate 
scalp hair \\t are not in fax or of ipplxing a full epilating dose 
at one sitting in the treatment of tinea barba? One can trx 225 r 
and the result max be a dellmium or i curt without defiuxium 
E-xperience has shown that with properlx spaced frictional doses it 
is po-sible to depilate the beard without ejecting in erx theniatous 
reaction Such treatment consists of 75 r exerx two or three daxs 
for frotn four to eight treatments In ca-'Os xxhcii the hair has not 
fallen out an a result of a total do^t of 450 to GOO r (li to 2 skm units) 
and there la no ex idenct. of erxtlienia one max proceed caiitioudx until 
the hair does fall 



Flo 16S —Showing the angles of inciJenor for treatment of %co n Milgan and tinea 
harbv (Kieobuck ) 


It la SO difficult to obtain a defiuxium of the beard xxith a-raxs 
without danger of sequel'e that we adxiae against the method except 
when other methods fail and then it is adx isable to liax e a consultation 
with diXTsion of respoiisibilitx for medicolegil reasons Tlie extensixe 
form of the disea’^e is so rare tliat it is seldom neces'^arx to epilate 
the entire bearded arei Becau'«e of the danger of radiodirmatitis 
and the subsequent dcxelopment of carcinoma the authors recom- 
mend that topical remedies ind iiiuiual epilation be emploxed to 
control tinea barb'e 
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Protection.— The entire iiead, above the bearded region, is to be pro- 
tected witli lead foil or othei suitable in.aterial. The same is true of the 
chest and shoulders and the unaffected poitions of the anterior and 
lateral surfaces of the neck. The mucous surfaces of the lips should be 
careful^’- protected. This is important If the haiiy portion of the 
upper hp is not involved, it too should be covered with protecting 
material. 

The four-exposure method does not provide an absolute equaliza- 
tion of dosage for such an iriegular surface but it answers practical 
requirements 

Additional Treatment —Care must be taken not to allow the use of 
irritating lotions or ointments, immediately before, during or immedi- 
ately after the treatment The parts may lie bathed daib’ with soap 
and water and shaving is permissible If the entire beaided region 
has been irradiated, mild antiparasitic salves (3 to .5 per cent ammoni- 
ated rnercurv oi piecipitated sulphur) may be applied a week or two 
after the defluvium providing they do not provoke inflammation. If 
isolated aieas have been treated the rest of the bearded region should 
receive antiparasitic treatment, care being taken to avoid the ii radiated 
parts 

^^^len defluvium occurs the result is usually a cure. Hairs infected 
with Trichophyton endothrix (violaceum) exhibit fluorescence of a 
dull bluish-ivhite ■when observed in filtered ultraviolet rays Inspection 
m this way is of value in determining cure. Reinfections and relapses 
are not common If the epilating dose is administered at one sitting 
the hair falls out in eighteen to twentj'-one days. When the treat- 
ment is administered fractionally, defluvium usually occurs four to 
five weeks subsequent to the first exposure. The quality of radiation 
IS of no great importance except that it is possible that wdth filtered 
rays there is a little more latitude betw'een the amount necessarj"^ for 
depilation and the amount that ivill pro'\ oke an erythema 

Radium — Radium has been used by Simpson and others for isolated 
patches and for the entire bearded legion. It is not a method of treat- 
ment that is likely to be popular •with dermatologists or roentgenolo- 
gists, except for the treatment of one or a feiv small discrete lesions 
For a single lesion, a 25 mg tube, at a distance of inch, screened with 
0 5 mm silver, 1 mm brass and 3 mm. rubber, the dose ivill be about 
four hours 

ONYCHOMYCOSIS. 

(Favus and Ringworm of the Nails ) 

Roentgenization is of somewhat uncertain value in this exceedingly 
recalcitrant disease The difficulty of ascertaining its real value is 
largely a matter of diagnosis Cultural, or at least microscopic, 
verification is usually necessary to support a clinical diagnosis and it p 
unwdse to record statistics relative to the treatment of onychomycosis 
without such confirmation. 
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is very slow, the old nail being gradually expelled as the new one grows. 
It is possible, therefore, that the efficacy of the .r-ra}^ lies in their 
ability to arrest development temporarily, which is followed by the 
shedding of the old nail as the new one develops, and that this phenome- 



J'jfj. 109 . — of tlio nailp tiioii. 



Fig 170. — Sarnr; a>- Fig 100, after fcnjr intenriie treatments. 


non is so gradual that it is ixsually overlooked. On the other hand, 
cases have been observe^! where the disease di^ppeared, apparently 
as a re-iult of roentgen therapy, and there v.'as, at no time, any notice- 
able arrest of growth. In these instances the older and diseased portion 
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of the nail ^\as gradinllv cut axiaa and the nei\er growth remained 
liealtln 

Antiparasitic rcmt dies should not be emploa ed tw o w eeks pre\ louslj , 
during, nor for two weeks subsequent to roentgen treatment, unless of 
\er\ mild strength, such is i solution of corrosive sublimate 1 to 5000 or 
a 3 per cent ointment of ammoniatcd mtreurv or precipitated sulphur 
Ihe authors dispense with these reinetlies entirelv and depend upon 
<5oap and water for cleanliness and proph\la\is 

\ igs 10^ and 170 show i ease of onv chomv coms before and after 
roentgen treatment Ihe elinieal ippearincc is more suggestive of 
dvstroph} but spores wire found ni the scrapings, and cultures were 
oht lined from seripmgs from the nail of the index finger of the right 
hand Ihcse sports nsenil>le<l, inorphologicallv and ciiltunllv, those 
of ringworm Ihere were no lesions of psoriasis or eczema on the 
hodv Ihc duration w is one vt ir 
Radium — \\e have not cnplovetl ndium in the treatment of onveho- 
nivcnsis nor h ivc we set n rt fere net to suth treitmcnt in the literature 
Radium rus will ecrtainlv be fiillv as eflicaeiriis as will the yravs 
if properh ipplitd On aeconnt of the convexitv of the nails a flat 
applicator is not smt iblo unless pi iced it i considerable distance 
The indicated treatment IS i2jmg tube screened w ith 0 5 mm silver 
1 mm bnss and 3 inin rubber, jiliced over the nail at a distance of 
J intb for from tw o to four hours emcc tv erv month or tw o, for sev era! 
treatments if noccssarv 

TINEA OF THE GLABROUS SKIN 

Roentgen therapv is of little v iluo m ordinarv ringworm of the 
glabrous skm— tinci circunti etc liecuise these lesions respond 
quicklv anil satisfaetordv to topic d remedies hen ringworm fungi 
produce lesions of eczematous tv pc, irridiation mav be of considerable 
service Fezem itoul ringworm eczema marginatum, clermatophv tosis 
etc , Will be found in the chapter on 1 czema 

MONILIASIS 

Of the localized cut ineous forms of inoniha infections, chronic 
pironvchn, so common unong middle-aged overweight housewives 
usualh responds well to four or five weeklv frictional (75 r) x rav 
treatments However recurrences are common unless the patient can 
keep her hands out of water Roentgen treatment of perleche, erosio 
mterdigitahs blastomvcetica and of the other intertngmous forms of 
moniliasis has not proved of much help m their management It 
should be kept m mmd that the presence of a manifestation of monilia 
infection is frcquentlj possible onlv because of some underljnng 
systemic disorder For this reason all such patients should receiv e a 
thorough phvsical examination with pirticular emphasis on the detec- 
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tion of a real or incipient diabetes mellittis or of avitaminosis. The 
generalized variety oi monilia-is may be ameliorated by the use of a 
fevr doses oi :c-rays. IMost cases respond satisfactorily to treatment 
vrith gentian sdolet 

ACTn'TOMYCOSIS. 

Actinomycosis is a rare disease and notmanyexamplesof thecondition 
have been treated vith the 2 >-rays. From personal observation and a 
review of the iiteraTure, we are of the opinion that the arrays or radium 
rays are not only indicated in this stubborn and .serious disease but 
that such treatment is superior to any other. Unfortunately most of 
the reports found in the literature state that both potassium iodide 
and x-ra'^’s were used and while the opinion prevails that the involution 
of the ulcers, sinuses and nodules vas due to the x-rays,, yet the fact 
that potassium iodide was administered makes the cause of the recovery 
a little unceilain. The fact, hov. ever, that a fevr cases of actinomycosis 
have been cured with x-ray r, for radium; alone '=hows that such treat- 
ment is efficacious. The "uFur group of drug= are beneficial in the 
treatment of actinomycosis 

Ormbby ^ucce-.^fully treated 3 cases of actinomycosis with a com- 
bination of iodide of potassium internally and ^--ray-s locally. Bevan 
makes a similai report, Harris cured a severe case of actinomycosis 
of the neck by the combined treatment. These authors are eon^'inced 
that the -r-ravs cause the involution of the cutaneous ledons. 

Zeisler failed to cure a ca-e vith iodide of potassium. The lesions 
'iisappeared apparenth under the influence of the .'I'-rays but the 
patient aUo took copper 'ulphate internally. .Steinkamm. Prickul. 
and Heyerdahl report good re-uh--. Heyerdahl avruded topical and 
internal remedies and emphoyed only trawwa rays of radium in 21 
case? all oi which v.eie cured. 

Figs. 171 and 172 ^how a patient with actinomycosi'5, before and 
after rcjentgen treatment. One intendve do'-e of x-rays was adminis- 
tered. Improvement liegan in two weeks and the eruption dkappeared 
in a month. A second inten-ive do-'O was given at this time as a 
prophyla c-tic. There was ncj local recurrence and no extension of the 
disease to other parts. The patient reeeh'ed no treatment other than 
-T-rays. The clinical diagnods was confirmed bv microscopic evamina- 
tiom 

Pels reports a ca^-e of actinomyeo-ls of the hand that was clinicall} 
cured after receiving three intensive x-ray treatments, the radiation 
being filtered through 0.5 mm. of aluminum. The patient, however, 
also received iodide of potassium intemaUy. 

Engelstad obtained an apparent cure in a case of abdominal actino- 
mycosis by means of treatment with radium. Archer and Barker 
lavor the emplojunent of massive doses of iodides, roentgen irradiation 
and surgen- for drainage. Stewart-Harrison treated 22 cases of proved 
actmomycods of the head and neck by various methods of roentgen 
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therap\ lie concluded tint i protrittcd fraiti()tial tu atnu iit (dailv 
do-^s with copper filtration and up to n total of 1000 to 1000 r wjtiim 
one month) litheinostcirectnetccliniclu has used Sintt the. hsions 
are deep-'-eated filtered ndiation should thtoretuall\ f,i\e thi best 
results I iltration Is of course, neasssar^ when radium is used ns onl\ 
the gamma ra\s should he utihwl 




Tio 172 —Same patient shonn in Fig 17l after two 8ubinton«vo * ray treatments 

BLASTOMYCOSIS 

What has been sau! under actinomveosis answers pretU well for 
blastomxcosis It is not quite so rare so there are a larger number 
of recorded cases treated with arrita bo fir onlv the cutaneous 
lesions have been treated It would f>e \er\ interesting to learn the 
effect of irradiation of the v iscxral lesions 
25 


- 
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Pusey, Gilclirist, Ormsby, Fisdikin, Zeisler and others have cured 
cases of cutaneous blastomycosis with a combination of potassium 
iodide and .r-rays Ormsby and Desjaidms completed several cures 
with the .T-rays Montgomery, Oulmann, Knowles, and Pusey recorded 
cases where there was great improvement following the use of .r-rays 
without any other tieatment TJie patients were presented at society 
meetings and recorded before the cure was completed. 

Davis pie&ented a patient afflicted with blastomycosis before the 
Philadelphia Dermatological Society. Iodide of potassium proved use- 
less in this case. The lesions, when the patient was presented, had almost 
disappeared as a lesult of roentgenization. Montgomery records a 
case of cutaneous and systemic blastomycosis. The cutaneous lesions 
disappeared under .'o-ray treatment but they recurred and the patient 
died, Winfield presented an interesting case of blastom3mosis before 
the New York Deimatological Society. Iodide of potassium had 
proved useless. The eruption disappeared entirety under tlie influence 
of the .T-rays. Ravogh found .^-ra3'smoreuseful than iodideof potassium. 
Simpson records a complete cine of a case of cutaneous blastomj^cosis 
with radium. 

We have cured several cases of localized cutaneous blastomycosis 
with both fractional and intensive doses of .r-raj's. There was a 
relapse m onlj'- one case and in another the skin lesions were cured and 
two 3'ears later the patient de\ eloped pulmonarj’- lesions and suc- 
cumbed In most of the cases the lesions disappeared as a result of 
one or two subintensive treatments or from six to twelve fractional 
applications. In one instance, a farmer with a lesion occupying the 
entire dorsal surface of one hand, the treatment was apparently 
ineffectual After receiving two subintensive treatments the patient 
returned home discouraged A letter was received from him in three 
weeks stating that the lesion had disappeared shortlj^ after returning 
home No other treatment had been given. 

All the cases so far treated with .r-raj^s haA'e been given both filtered 
and unfiltered radiation As a rule, cutaneous blastomjmosis is not so 
deep-seated as are the lesions of actmomjmosis It is questionable if a 
filter would add to the value of the treatment unless the lesions are 
unusually deep-seated or when the viscera are involved 

SPOROTRICHOSIS. 

As a rule little difficulty is experienced in obtaining a satisfactory 
involution of the lesions in the treatment of this disease by means of 
the internal administration of iodides If a considerable degree of 
fibrosis IS present in an individual lesion, the use of semi-intensive 
roentgen therapy is indicated J. B Shelmire and E. D. Crutchfield, 
m verbal communications, reported successful involution of lesions of 
sporotrichosis with x-rays without the use of iodide of potassium or 
other remedies. Lain obtained good results with a combination of 
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iodine mtermlh md unfiltered ar-ra\ s locallv but not n ith x ra\ s alone 
In 1 ci'^e of sporotrichosis recenth obser\ed a prompt cure followed 
irrndntion of the lesions and the ingestion of potassium iodide 

GRANULOMA COCCIDIOIDES 

Jacobson emplo\ed roentgen tlierapv m conjunction ^ith injections 
of colloidal copper and obtained some remissions and apparent cures 
He mentioned that others ha\e obtained fa^orable results from the 
administration of i*ra\s together with tartar emetic intra\enoush 
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CHAPTER XXVIII 


ECZEMA 

The conditions discussed in this chapter are: 

1 Dermatitis Venenata. 7. Eczema of Infants and 

2. Dermatophytosis Children 

3 Derrnatophytid. 8 Dermatitis Seborrheica 

4 Infectious Eczematoid 8 Dermatitis Hemostatica. 

Dermatitis 10. Intertrigo. 

5. Neurodermatitis and 11. Regional Eczema. 

Lichenification. 12. Eruptive Types of Eczema 

6. Chronic Lichenoid, Dis- 

coid Exudative Derma- 
tosis. 

The .T-ra^'^s have been used successfull}’^ in the treatment of eczema 
almost from the very beginning of roentgen therapy. Ullmann recom- 
mended such treatment for chronic eczema as far back as 1900 Jutassy, 
Schiff and Freund, Hahn, Sjogren and Sederholm, Albeis-Schonberg, 
Mackey, Scholtz, and others, found that subacute and chronic eczema- 
tous lesions disappeared as a rule vdth great rapidity as a result of a 
few mild x-ray treatments Williams, Meek, Pusey, Allen, Hyde, 
Montgomery and Ormsby, Robinson, and Zeisler were the first to 
employ .x-rays for this purpose in the United States. Pusey and 
Williams determined that irradiation was useful in acute as well as 
subacute and chronic eczema. 

In the past thirty years it seems that almost every dermatologist 
and roentgenologist has written on this subject Certainlj'^ the liter- 
ature is voluminous, and for the most part the articles are only of 
historical interest There are advocates of mild treatment and advo- 
cates of intensive treatment. Many of the early workers did not 
hesitate to produce reactions. Very early the opinion was unanimous 
that in most instances the lesions of eczema disappeared rapidly under 
the influence of very small doses and in practically all cases the itching 
was relieved quickly. At first it was thought that the clinical cure 
might be permanent but later it was found that recurrences were 
common. 

Modern w'riters are perhaps even more enthusiastic than were the 
earlier authors. The results are better today because of greater 
ability to select cases and because modern technic and knowledge 
preclude injury. All modern textbooks on dermatologj’^ and roentgen 
therapy call attention to the efficacy of irradiation in the treatment oi 
eczema, especially the chronic types 
( 394 ) 
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Modem Conception of Eciema — Tlie word eczema con\ejs ver) little 
information to the modern derraitologist Years ago the term in- 
cluded what are now a number of separate clinical entities and the dis 
ease w as thought to be alw a\ s of internal origin Finally , clinicians of 
long experience realized that the disease could be split into se^eral 
clinical t\pes, and with increased knowledge relatue to i tiologj and a 
better interpretation and classification of sjmptomatolog\, one entita 
after another has been separated until now there is \ crj little left to 
which the word eczema can be applied To most dermatologists todaj 
the word eczema means an eruption that at some stage of its e\olution 
IS cxudatiic, cither clinical}\ or histologicallj It begins with ery- 
thema If evolution is uninterrupted, this is followed by edema and 
often bv vcsiculation, erosion and exudation and, finallv, bv crusting 
and desquamation The development mav be slow or rapid, any one 
stage may be evanescent or prolonged or the disease may end at any 
stage either spontaneously or because of thcrapv 
The first entities to be given a separate name were intertrigo neu- 
rodermatitis, seborrheic dermatitis, and dermatitis venenata and its 
subdivisions Then came infectious cczematoid dermatitis and the 
many varieties of cczematoid ringworm 
In the manner in which tlie word eczema is used, dermatologists can 
be divided rouglily into three groups One group considers that most 
eczematous eruptions must have an external causative or exciting 
factor— chemicals bacteria fungi, lieat, light, friction, uncleanliness, 
excessive use of soap and water, traumatism, purulent, mucopurulent 
and even mucous discharges, etc Tlicy admit general internal factors 
such as sensitization impoverished local circulation, etc They prefer 
to discontinue the use of the term eczema and substitute the word 
dermatitis with a qualifying adjective 
A second group prefers to use the word eczema for every cczematoid 
eruption regardless of etiologv , adding adjccti\es to designate the ty^pe 
They believe that some cases of eczema are due to internal causes 
some to external causes and some to both internal and external causes 
A. third group would give new names to eruptions that have 
been definitelv separated from the old eczema and to use the term 
dermatitis to designate eczematous eruptions of local or external 
etiology reserving the word eczema for eruptions supposedly due to 
internal disturbances 

There is, therefore some confusion relative to the terms eczema and 
dermatitis, also as to the etiologv of the various eruptions comprising 
the eczema group Hence we hear of occupational eczema, contact 
dermatitis, dermatitis v enenata intertrigo, eczema intertrigo, eczema- 
toid ringworm parasitic eczema, eczema marginatum, dermatophy- 
tosis etc 

Now as a matter of fact it makes little difference w hat w e call a thing 
as long as we understand its nature and cause \ name is for the 
purpose of designation and, of course, it is preferable that w e should 
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all be agreed on the name selected to represent an entity. At present, 
however, this is impossible in the case of eczema 

It will suffice for our puipose to Icnow that t]ie eczema of our fore- 
fathers has been and continues to be sjdit into entities or varieties, the 
splitting being due to a better interpietation of eruption cliaracteristics 
and inci eased knowledge relative to etiology. It should be obvious 
from the foregoing and it will be more obvious from what follows, that 
much is left to the imagination when one states that eczema, acute or 
chronic, is benefited or cured by ii radiation— we should be more 
specific; we should state when possible the variety of eczema or der- 
matitis that IS being treated For convenience the authors have included 
in this chapter conditions that used to be called eczema. They may 
now be called the eczema group of skin diseases, the eczematoid der- 
matoses, varieties of eczema, or clinical entities. 

DERMATITIS VENENATA. 

Dermatitis venenata (occupational or trade eczema or dermatitis; 
contact deimatitis) may be defined as a reaction of the skin caused by 
external contact v ith substances to which the skin or the patient has 
become sensitized or alleigic. The eruption may be acute, subacute, or 
chronic The chionic t^pe may develop insidiously or it may be pre- 
ceded by acute or subacute symptoms. It is likelj" to be associated 
with fiequent and severe acute exacerbations. The behavior of the 
disease depends upon the nature of the causative agent, the frequency 
of contact, and the degiee of susceptibility. 

Dermatitis venenata may be caused by an exceedingly large number 
of substances, all of which are enumeiated in textbooks on derma- 
tology. _ _ ^ 

The eiuption caused by some of these substances is characteristic 
and may be lecognized by the character of the elementary lesion, the 
sites of predilection, the couise, etc. Unfortunately tliis is true m 
only a relativelj'^ few cases, although an experienced deimatologist 
will usually find one or moie featuies that will lead to a correct diag- 
nosis 

The .a-iays aie not indicated in the majoiity of cases of dermatitis 
venenata If the case is properly diagnosed and the cause removed the 
eruption as a lule will disappear quicldy. At times, however, the 
diagnosis is exceedingly difficult; often quite impossible until after 
prolonged observation Such cases have piovided the authoi vuth 
mateiial for study in connection with .r-rays Involution of acute 
eruptions and acute exacerbations is often hastened and pruiitus is 
lessened by a few doses at weeldy intervals consisting of fiom 38 to /5 r 
However, as good, if not better, results can be obtained by the pioper 
choice and use of dermatologic remedies In any event, the detection 
and removal of the cause is the main requisite, otheiwise the eiuption 
IS likely to persist or to recur repeatedly. 
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Technic —We emplo^ fr'ictioml treatment (75 r unfiltered once 
i\eeUj) If there are onh one or two lesions the nonnal skin <5hould 
be protected If the eruption i!» extensive the ra\s must, of course, 
be allow ed to spread ov cr the affected parts I<5olated areas of normal 
skm need not be protected as there is no danger from such small do'ies 
If the disease does not disappear m from three to slx weeks it is inad- 
visable to continue the treatment Local applications containing 
such chemicals as tar, mcrcurv, sulphur salicjlic acid, etc , are con- 
traindicated unless thev arc verj weak 

INFECTIOUS ECZEMATOm DERMATITIS 

This disease, described b\ Engman and Mool , and bv Fordvee 
(sccondarv eczema) mav be defined as a ilermatitis secondarv to a 
discharging ulcer, sinus, boil abscess, etc The eruption mav be dr\ 
but it IS more likelv to be exudative crusted or pustular It spreads 
bj peripheral extension and, perhaps, bv auto inoculation The dis 
ease is supposedly caused by sensitization to bacterial products It may 
complicate ecthyona, bed sores, truss sores, breast abscess, some other 
varietv of exudative dermatitis, etc Discharges from the nose, eves, 
ears, anus, etc , may be the starting point of the disease 
Results of Irradiation —It is possible to obtain satisfactorv results if 
the cases are properly selected and rocntgcnization is associated with 
intelligent dermatologic treatment Wc have seen eruptions begin 
at the margin of an ulcer and later involve most if not all of the body 
surface In cases of this kind, vvlicn tlic svinptoms arc acute— edema, 
ervthema, exudation and burning pain— r-rays have been of little 
if any benefit until the condition has become subacute If the eruption 
does not disappear after subsidence of the acute svmptoms cither 
spontaneouslv or as a result of topical and constitutional therapv 
roentgenization may be of distinct value 
In the less acute types, when the eruption is papular or squamous, 
with or without more or less exudation, and severe itching, x rays mav 
prove more efficacious than anv form of treatment 
Localized dermatitis secondarv to discharge from a cavitv such as 
the ear, ev en w hen of the v erv acute t\ pc w ill often v leld to irradiation 
To obtain a permanent cure it is of course essential that the t\pe 
and cause of the dermatitis he recognized and steps taken to remov e the 
latter 

Technic —The technic will varv in accordance with the svmptoms 
and the distribution of the eruption F ocahzed eruptions even when 
acute, will often undergo complete involution subsequent to from three 
to SIX weekly (75 r, unfiltered) applications 

idespread eruptions must be cautiously irradiated These patients 
are already somewhat toxic and their skm is verv sensitive It is 
advisable, therefore to employ very small doses and to expose only 
one small part of the body daily Complete technical details for such 
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treatment will be found in Chapter VJJI under the heading of Gen- 
eralized Iloentgenization (p. 312). ^ 


DERMATOPHYTOSrS. 

1 lie term dermatophytosis, for convenience, may include any erup- 
tion of eczematoid appeal ance tliat is caused by fungi, and dermato- 
pJiytid may include all eruptions caused by sensitization to fungus 
products. Hence is included in this group: eczema intertrigo of the 
toes and fingers (eczematoid ringworm of the extremities), eczema 
marginatum, eczematoid lingworm ol the body, eczematoid erup- 
tions of the pubic region, umbilicus, axillae and under pendulous 
breasts when due to fungi, moniliasis, erosio interdigitahs blastomyce- 
tica, perl&he, crythrasma, and patches of eczema on any part of the 
body caused by fungi or their products. 

The member of this group that isof particularmterest is the condition 
(eczematoid ringworm of the extremities) described by Djelaleddin- 
Mouktar in 1802, by Wiitfield and Sabouraud in 1910 and by Ormsby 
and Mitchell in 1910. Modern terms are dennatophytosis and ”ath- 
lete’s foot.” The disease is limited to the hands and feet and occurs 
in three clinical varieties: (1) Acute vesicular or a esicopustular, 
clinically identical vith acute \esicular eczema and poinpholyx It 
attacks mostly the fingers, toes, palms, and soles. (2) Chronic inter- 
triginous, commonly seen between the toes, occasionally between the 
fingers. (3) Jlyperkcratotic, clinicallj' identical with chronic squamous 
eczema and occurring on the soles, also on the palms. 

First Type.— As a rule the best treatment for this type of dermato- 
phytosis is some antiparasitic and antipruritic topical remedy such as 
Whitfield's ointment, tr iodine, chrysarobin, wet dressings in very 
severe acute cases, etc. IIowe\er, .some cases do not do very well 
under this treatment and it is in such cases that irradiation is of value. 
In many instances, especially eruptions on the hands, the lesions will 
disappear apparently as a result of tlmee oi lour weekly doses (75 r), 
combined with soothing local remedies such as Lassar’s paste and 
calamine lotion, both of which may contain menthol, camphor and 
carbolic acid. Recurrence is common. Even stubborn or relapsing 
cases may at times remain cured following irradiation. It must be 
admitted that cases are numerous in which the eruption fails to dis- 
appear One may combine irradiation with the irritating and stim- 
ulating remedies enumerated abo^ e pro^ ided the3’' are used in very 
weak strength. The best plan is to a\ oid them when emplojnng .r-raj s. 

De^matoph^dosls of this t^pe, when occurring on the feet, appears 
to be more stubborn than vhen on the hands. We have seen examples 
of this disease resist .r-ray treatment over a Pf lod of three or tour 
months. Con^ersely, there have been cases that failed gt well 
under topical therap}^ that were cured as a result of six or eight .r-ray 

treatments. 
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As a sumuiao » about all that can be said at present \s 

1 The acute s\mptoms of the first t\pe inaj subside in a fen neeks 
under x ra\ treatment, especialK nlien combined nith local soothing 
and^e ^5 mild antipruritic remedies 

2 Occasionally the condition is permanently cured Ver\ often, 
after suljsidence of the acute samptoms, no further impro\ement is 
noted Recurrences are common 

3 It is our opinion that the majority of cases mil do better under 
intelligent com entional therap\ than under irradiation 

Second 7ypc —There is no doubt m our minds that properh ad 
ministered dermatologic treatment is superior to irradiation in this 
t\pe of eczematoid ringnorm Irradi ition is useful in stubborn cases 

Third Type—ViC ha\e had better results with dermatologic rem- 
edies tlian with arra^s in the treatment of In perkeratotic dermato- 
phytosis There is, of course alw a\ s the question of diagnosis Cer- 
tainh some cases do ^erv well under ar ray treatment 

Technic — Weekh applications of 75 r unfiltcred doses arc advisable 
because 

1 Inflamed tissue is hypersensitive to ar-ray» 

2 Susceptibihtv may be increased bv the previous use of strong 
topical remedies 

3 It has been found that if the eruption w ill v leld to r rav s it vv ill 
respond to a few small do«^ 

If the eruption does not disappear as a result of such treatment 
over a period of a month or sl\ weeks, it is unlikely to be favorablv 
influenced by further treatment 

Filtered radiation is not more efficacious tlian art unfiltered x ravs 

It is often necessarv to irradiate the lateral surfaces of the fingers 
and toes This mav be accomplished (for the fingers) bv placing the 
palms on the table with the fingerb widely separated Tlie i-ravs are 
administered to the dorsal surfaces of the fingers Tlie dorsal surfaces 
of the hands are then placed on tlie table and irradiated Both hands 
can be treated at one time although it is preferable to irradiate each 
hand separatelv llie same procedure is carried out for the toes 
except that the latter must be held apart b\ gauze plugs 

If there is a single patch or onlv two or three isolated areas, the 
normal skin should be protected In the case of a w idespread eruption 
or if there are numerous lesions, it is preferable to allow the ravs to 
spread ov er the hands Such small doses w ill not harm the normal skin 
between the lesions 

Dermatophytosis and dennatophy tid of various parts of the bodv 
mav be dry or moist sharply or poorh marginated and defined The 
terms parasitic eczema eczema marginatum, eczematoid ringworm 
moniliasis etc are often used by clmicians to designate such eruptions 
The term dermatophy tosis suggested bv Walter Highman and der- 
matophytid (Williams) have b^n used to designate the entire group 
While X rays and radium will often benefit and perhaps cure eruptions 
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ol tins better lesults arc oblnincfl. as a rule, bv couvontionn) 
dermatologic management. Variation in stubbornness may bo duo 
to tlie genus and species of tlic causative fungus. Por additional 
mtormation the reader is referred to Cha])ter XXVn. 


NEURODERMATITIS, 

Neurodermatitis includes or will include here liehonificatiou, liehou- 
ified cc/cma, eczema nuclne and lichen simjilex (\hdal). 'J'licrc sociii to 
be tvo ^cry distinct types of the eruption— eircuinscrihed and dis- 
seminated. The circumscribed variety occurs as dime to jialm-sized 
areas. There may be one or two patches or numerous le.sions sivittered 
over the body. The .sites of jn’cdilcelion arc the nucha, the lateral 
surfaces of the neck and the fle.xures Lesions may occur, however, on 
almost any part of the body jiarticularly on the extensor .surfaces near 
the knees and elbows. 

The disseminated type (atopic dermatitis or atopic eczema) fai’ors 
the flexures and flexor surfaces, but it may be quite generalized and 
even universal. ''J''hcrc i.s usually a family history of hay feA'cr and 
asthma and the ])aticnts arc often .sensitized to various substances, 

The objeeti^c .syinptom.s arc lichcnification, more or le.ss acantho.sis 
and pai akeratosi.s, excoriation and, at times, c.xudat ion. The.subjcct ive 
.symptom is itching which may be intense and which often prceode.s 
tlic appearance of the eruption. 

Effect of Irradiation.— Most authors agree that irradiation is usually 
effective in the circumscribed types of nciirodcrmatitis. 

As a rule from three to six wcclcly treatments will .suflicc for ii 
clinical cure. Occasionally the le.sions arc more stubborn and require 
treatment over a period of two or three months. Not infrequently an 
eruption v ill not improve, or atleast will not entirely disapjicar, without 
an amount of radiation that is undesirable. It i.s preferable to avoid 
reactions and if the crujition docs not disajipear as a result of treat- 
ment over a period of two months, it is advisable to discontinue 
irradiation. Itching usually di.sap})ears before the erujition shows 
signs of involution. Recurrences are common. When the eruption 
involves the scalp the dose .should be about 38 r instead of the usual 
75 r and limited to four treatments at weekly intervals. A second 
course may be given a month later if necessary. ^ Whcii the eruption 
recurs several times some tj’catincnt other than irradiation should be 
used regardless of location, Grenz rays arc at times useful foi us 
type of neurodermatitis, especially when involving hairy parts. 

There seems to be little if any dillcrenec in efficacy between < ic ic a 
and gamma ravs of radium, between radium aiul .i--ray.s, oi le ween 
filtered and unfiltered .r-rays When using radium it is customary o 
utilize a half-stiength flat applicator screened ^ylth 0,I mm. ’* 

It is placed in contact with the skin for about five strong 

The normal skin around the lesions should be piotec 



Fiq 174 —Same patient shown in Fig 173 after six fractional treatments (75 r unfil 
tered weekly) Scar at upper part of picture is the result of a biopsy 
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topical apphcathns are contrsindjeafed. It is pennissible to emplov 
ddvted carhohc aeid and menthol to allay the itching i^-hile a^'aitini 
the antipruntic action of the radiation- 
Disseminated ifenrodermatitis.-l-he effect of iiradiation on this 
T,;j7-)e of neurodermatiiis is imrertain. The treatment practicallr 
ato-ays canses some relief, hut it ven' fiequentiy fail, to cause complete 
disappearance of the eruption. Even frhen the eruption does disap- 
pe^ recurrence is the rule. Nevertheless the :c-rays are a valuable 
adjunct to general medical and conventional dermatologic treatment. 
The lact that they vdll lessen the itching and directly indirectlv 
mprove the eruption in the majonto'of cases of this stubborn disease, 
is all that is necessam' to justify their use. As this disease usually 
perasto. intermittently, over a period of many years, z-rays are indi- 
cated. as a rule, only to help get the case under control during a severe 
exacerbation. The physician should guard against the accumulative 
effect of repeated courses of treatment by beeping adequate records. 
It is preferable to avoid a total of more than about 1200 r on any part 
of the body during the life of the patient. 

Technic. — Inasmuch as it is often necessary' to irradiate e.vtensive 
.-unace:?, -mal! veehly dose=! fSS to 73 r veehh' to any one part of the 
body] are indicated. The reasons lor Ibis advice and tbe necessan' 
technical details trill be found in Giapter XS3*, Everttbing pos- 
sible should be done to aseerLain and eliminate the causative factors. 
This condition frequently involves the eyelids. There have been a 
number of legal actions based on tbe production of the so-called z-ray 
cataracm Also, in recent years there has been a number of reports of 
cataracus in children, adolescents and adults. aSicted trith nemo- 
dermauzis disseminata, to "horn ,r-ra.vs or radium had never been 
applied. In vierr of these facts and in spite of the hi^ resistance of 
the eye to r-rays and radium, it is advisable, for medicolegal reasons. 
to apply vem' htlle radiation to the eyelids vithout adequately pro- 
tecting the eyeball. 


CEEOIvIC UCEZNOID, DISCOID, ISDDATI7E DSPJtliTOSIS. 

This disease, vrhich closely simulates disseminate neurodermatitis, 
rras deSnitely separated from the latter hy Eosen, fculzherger mu 
Garbe. It occurs mostly, if not entirely, in adult male -lev-. Tne 
cause is not vrell understood but it is closely assodated vritb psj cho- 
genic disturbances. The chief subjective ^mptom is severe pru' 
ntus. The eruption and the pruritus, ohen generalized or umvasal. 
do not respond veil to z-rays although they are oenencial m some 


cases, 

jrjptyr rjT.y. ZCZZMA. 

vTe are unable to recognize any vajietv' of eczema that h 
to infants, therefore eczema imanrilis is not an onnxy.^ 
exception of dennatitis hemosrmrif^ and neurodeimatitis circurmcnpca 
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it IS possible to identih in infants nil the \arieties of eczema that 
occur m children adolescent's and adults, and it is important to do so 
because recognition of -v nriet\ affords, a clue to the probable cause 
Most dermatologists a\oid the use of a:ra\s for the treatment of 
eczema of infants, and children ^^llen u^d for this purpose the treat- 
ment I's limited to a feu doses of from 20 to 40 r, unhitered, at ueekh 
inter\ als Small areas of eruption are at times treated u ith grenz nj s 

DERMATITIS SEBORRHEICA 

Of 'seborrheic dermatitis, or seborrheic eczema there are ';e\eral 
clinical \arieties, Seborrheic dermatitis, of tlie scalp compri'^es sebor 
rhea sicca {pit\rnsis simplex cipitis) pitNriasis steatodes and oih 
seborrhea or it rmN 1 e manifested as a squamous eruption tint is 
quite indistinguishable from psoriasis At times the eruption is 
pustular, exudati\e and crusted 

On the bodj the disease affects the face, the neck, cars chest, avillT, 
umbilicus, crural region, flexures, the spinal region, and occasionalK 
the eruption maj in\oI\e other parts and, m fact, it max become 
generalized The eruption max consist at one extreme of poorlx 
outlined areas of drj or uaxx scaliness xxithout much exidence of 
inflammation At the otlier extreme there max be considerable 
inflammation and exen exudation Tlicrc is a follicular tx-pc, a cr- 
emate tj’pe and a psoriasiform txpt T!ic last, at tiroes so closclj 
resembles psoriasis that it is impo<«ibIe to difleientnfe 

The aboxe conception of the di'^oace is broader than that held bx 
manx dermatologists It is possible that sehorrlicic dermxtitis climc- 
allx IS not inflammatorx , inflammatorx sx inptoms max occur as a 
complication Houexer the conception gixcn aboxe x\ill ansuer our 
purposes 

Dermatitis Seborrheica Capitis —Irradiation has not seemed to be 
of benefit in the treatment of seborrhea sicca, pitxrnsis steatodes or 
oilx seborrhea of the scalp rxuifatixc eruptions and psoriasiform 
eruptions of seborrheic dermatitis on the scalp are, at times benefited 
In obstinate cases, the a:-rax s xx arrant a trial 

The technic emplojed bx us consists of appljmg 3S r, unfiltered, 
to the entire scalp bj the Ixienbock-Adamson fixe exposure method 
once xxeekb for four treatments It is not considered safe to ad- 
minister more than 150 r to the scalp m one month, as 225 r gixen 
in three xxeeks haxe been knoxvn to effect a defluxium The details 
of this technic xxill be found under tlie headings of Tinea capitis and 
Psoriasis 

If, one month after the last exposure, the eruption has not disap- 
peared, a second course of treatment max be gnen If the eruption 
has not disappeared as a result of two or three cour'^es it is adxisable 
to discontinue the treatment 
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Strong topical applications should be avoided during the z-rax 
treatment- Grenz rays are useful for small patches- 
_ Dermatitis Seborrheica Corporis,— Irradiation is at times of service 
m cases of oily seborrhea of the face, but the treatment must be cau- 
tmusly applied- The technical details- precautions to be taken, etc., 
are the same as given under acne vulgaris and vrith the exception of a 
fev essential points vril] not be reiterated here. Applications of 7-5 r 
once v'eekly may be continued if necessary- for four months. During 
this time the skin should be carefully' inspected every' veek for evi- 
dence of lessened sebac-eous activity'. As soon as there is distinct 
improvement treatment should be arrested, otherv-'ise the skin may 
become^ har^h. scaly and dry'. In obstinate cases it is not advisable 
to continue treatment for more than four months because a continua- 
tion of treatment may' result in slight but perceptible vrinkling of the 
slrin. e=pecially' the s]:in near the mouth. The sebaceous glands in 
different persons 'v ary greatly in susceptibility. In some easerj a fev- 
treatments vill overcome the excessive oiliness. At the other extreme 
v'e have 'ieen skin remain oily' even after irradiation had been pushed 
to the point of visible atrophy. 

Scaly sehonrhea of the face and body vull at times disappear as a 
result of a fe'v treatments, but as a rule the condition can be more 
quickly cTired vith ordinary dermatohsdc remedies. However, in 
stubborn cases irradiation is at times of distinct value. These remarks 
may' be applied- also, to the follkmlar t^'pe of the disease. 

The best results may' be ex'pected in psoriasiform eruptions. T^Tiile 
one meets with eruptions of this type that cannot be clinically' cured 
with -T-rays. the majority' of cases 'K*i]] yield quicklyyand many of them 
permanently', to irradiation. It must be admitted, however, that 
recurrence is rather common. 

Because of the large number of lesions and the extent of the affected 
surfac*e. and also the fact that these lesions are likely* to be hyper- 
sensitive. mild treatment is indicated. It has been our experience 
that if seborrheic dermatitis does not disappear as a result of from 
three to six treatments consisting of 75 r each at "veekly inters als, it 
will not disappear as a result of further irradiation- 


mTEBTFJGO. 

An inffammation of the skin situated in locarions where 
moisture, warmth, fric-rion and where it is difncmlt to keep tie pa 
clean, is known as intertrigo. The usual sites are the crura re^n, 
the axilke. the anal region, and the breasts funder pendulop breastoy 
The eruption usually consists of redness, 
tion and itching or burning. It is necepaiy' differen 

eruption from an eruption due to iun^ and from, seboffh^. . 
intertrigo, or interrriginous eczema, is a term gi%en to P 
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v.l\en the s\niptoms nre more like tho*«e th'it ire \isuahzed b\ the 
word eczema— thickening, \esicuIation pustulition, exudation, etc 
As a rule intertrigo ^^lll disappear m a feu di\s or i week or tuo 
under the influence of proper h>giene and the intelligent use of topical 
remedies Occasional! v, houexer the disease persists m spite of 

such treatment In such instinccb irradiation consisting of 75 r 
unfiltered ma\ be beneficial The x-ra\ treatment should of course 
be combined ^Mth soothing local remedies h^glene and, later, prophy- 
lactic measures should be instituted m order to pre\ ent recurrence 
The method of appl\ mg x-ra\ s to the crural region is discussed under 
t\ie heading of pruritus to the axillre under the heading of hyTiendrosis 
To irradiate the gluteal fold tlie patient lies on his stomach and u itli 
his hands the buttocks are separated Or the buttocks may be 
separated b\ tuo puces of u-ide adhesive plaster the distal ends of 
which are attached to the table To irradiate the skin under the 
breasts it is necessarv for the patient to elevate the breasts with the 
hands All unaffected parts should be shielded 

REGIONAL ECZEMA 

Eczema oi the Scalp —Both exudative and squamous eczema of the 
scalp may be benefited bv irradiation In fact the x-ra\ s are a blessing 
in some cases as they obv latc the necessity of using disagreeable salves 
and lotions Tlie treatment may consist of 3S r once u ceUv until 150 r 
have been administered It is not safe to exceed this dose unless one 
does not mind a defluvium Strong topical remedies arc contraindi- 
cated, slightU stimulating remedies arc permissible Crusts and exu 
dates should be remov<d with oil or with water and soap before the 
X rav s are applied If the entire scalp is affected the x ray s are admin- 
istered in accordance with the Ixienbock Adamson five exposure 
method (see tinea capitis) If more than one course of treatment is 
necessary a rest interval of at least three weeks between each course 
is advisable 

Eczema of the Face — Txudative and squamous eczema of the 
beardfd region will often disappear as a result of a few mild treat- 
ments The method of application is discus-^cd under the heading 
of svcosis 

Eczema of the lips, nostrils evelids and ears will often disappear 
when treated either with x ravs or radium Tor the cvehds the total 
dose m a montli should be not more than 150 r This is also true of 
the bps as the mucous membranes are rather sensitiv e The eves w ill 
not be injured b\ this amount of irradiation The consensus is 
that the eyeball is quite radioresistant At least the evelids are 
much more radiosensitiv e tlian is the ev t How ev er, hecau'e of reports 
of ”x ray and ridmm cataract and legal actions based thereon, it is 
preferable not to apply x rays or gamma rays to benign lesions and 



TCZZKA 


■?r*JpLJDIi5 01 TPS vllOO'Jt rJLHilbjS T?rCC^;CrDOH for fb? 6*'S£- 

Grenz and "bem rays zna;' be nsed :n znoderanon. 

of fhe Szrotzzi.— Trfiez drradia-dni' nbe sor-ornn :t ad-ns- 


'-'j2 *0 inmi .otaj dosaz^ zo an amonnz znai "nJ nc>t sen^rasly 
::nire me n zeszjtie? ise e^m'^zneiV radiosensdnve and 




RFG/OKiL ECZEMA 


407 


patient, nhose Innds are protected with lead-rubber or lead foil Eteii 
i\ itli sucli protection it is possible lor tbe testes to be injured bs scat- 
tered radiation If additional roentgen tlierapi is necessari tbe semen 
shouldbi examined tiers fen nteks Wlicll treating rccakitniit casts 
there mil bt less iinun to tht testitlis n itli “soft beta ms of radinni 
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tlian With Ramma rats or ar-ms A Iialf-stren^tli applicator screened 
with a htcr of oiled silk nnv be left m contact with the skin for one or 
two minutes once v.eeki\ Chrome hehenified eczema o! the scrotum 
mac require treatment directed at both the anterior and posterior 
surfaces A month or two of such treatment (z ra^s) ma\ jeopardize 
the testicles An unscreened flat radium applicator would seem pref 
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erable in such instances. The "soft” beta rays act so quickly that the 
amount of gamma and "hard” beta rays received by the testicles 
would be almost negligible Of course, there is a limit to such treat- 
ment, but ju.st what constitutes this limit we do not know. This 
question is discussed in greater detail under the heading of pruritus. 
Conservative doses of grenz rays would seem to be indicated for 
eczema of the scrotum. 

Eczema of the Nipple and Breast of Women.— Here the first requi- 
site is to be certain that the case is not one of Paget’s disease. If 
eczema of the nipple and breast (omitting the possibility of Paget’s 
disease) does not disappear as a result of one or two months’ irradia- 
tion, it IS inadvisable to continue the treatment for fear of injury to the 
underlying glands In obstinate cases “soft” beta rays, or grenz rays, 
might be used to advantage. 

Eczema of the Legs.— Ordinary eczema of the legs does not differ 
from that of other parts, but in this location there are special features 
to be considered. Ilere one meets with an eczematized skin associated 
with deep edema, the latter being due to varicose veins or cardio- 
vascular disturbances, and the former very largely to scratching. 
There may be more or less purpura (dermatitis hemostatica, Klotz), 
This variety does not respond well to irradiation unless attention is 
paid to the underlying causative factors. If this is done, .r-rays will 
be of benefit by allaying the itching and promoting resolution of the 
thickened skin. They are of service, also, in hastening healing of 
exudative areas and ulcerations. Very often all the surfaces of the 
legs are involved necessitating multiple exposures (see Chapter on 
General Therapeutic Considerations). 

Eczema of the Hands and Feet.— Eczema of the hands and feet is 
often dermatophytosis, dermatophytid or dermatitis venenata. 
These have been discussed in this chapter. 

Of special interest is the hyperkeratotic (parakeratotic) and fissured 
eczema of the palms and soles of obscure or unknown etiology. Often 
this type of eczema will disappear as a result of three or four weekly 
treatments Some cases are very refractory, some will not improve 
and recurrences are common. If the eruption does not re.spond to a 
reasonable amount of treatment, irradiation .should be discontinued, 
for a continuation of such treatment may injure the coil and sebaceous 
glands, leaving the skin ^ough and dry, without curing the eczema 

It is often necessary to irradiate the entire palmar surface of the 
hands and fingers, or the plantar sui faces of the feet and toes. For 
technical details of the method of application of a;-rays to surfaces of 
this kind the reader is referred to the chapter dealing with hyperidrosis 

One frequently hears the terra nummular eczema. This consists of 
marginated patches of eczema with a predilection for the dorsal sur- 
faces of hands and wrists It has not yet been declared a definite 
entity nor a definite variety of eczema. The cause has not been 
determined. It is likely to be stubborn. It yields fairly well to cc-ray 
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treatment However, if 75 r unfiltered once weekly for six weeks is 
ineffective, additional irradiation is likely to prove useless. 

General Considerations and Sumjiary. 

We have now considered tlie effect of irradiation on the various 
clinical entities belonging to the eczema group and also certain regional 
tjTDes of the disease. It remains to discuss brieflj’^ the effect of irradia- 
tion on eruptive tjqDes of the disease— acute and chronic, localized and 
generalized eczema of unceitain or unknown etiology. 

Eczema Erythematosum.— Irradiation has not given good results in 
acute er}h;hematous and edematous eczema If there is not much 
edema and the subjective symptom is itching rather than stinging or 
burning, a few very mild (38 r) applications may be beneficial. 

As a general proposition, both in localized and generalized acute 
erythematous eczema, irradiation is contraindicated in tlie early stage 
of evolution If the eiuption persists, and becomes pruritic, exudative, 
acanthotic or squamous, .T-rays are indicated and may accomplish 
considerable good 

Eczema Vesiculosum, Pustulosum and Exudativum.— Exudative 
eczema may begin as an acute erythematous and edematous, vesicular 
or pustulai eruption, or it may evolve subacutely or it may constitute 
an exacerbation occurring m a cliromc eczema Eruptions of this kind, 
especially when restricted in extent, often disappear more quicklj' 
under the influence of .r-rays than with any other method of treat- 
ment. The results are at times spectacular and permanent The 
outcome will depend partly upon tlie teclmic but largely upon the cause 
If the etiologic factors continue to operate the eruption is likely to be 
uninfluenced or only slightly influenced by roentgenization. These 
statements apply also to foUicular and papular eczema. 

Eczema Squamosum.— The chronic types of eczema associated with 
parakeratosis and acanthosis will disappear quickly as a rule under the 
mfluence of .r-rays or radium The rapidity and permanence of the 
cure will depend largely upon the underlying causes 

Value of Irradiation in Eczema — Consideied as one of many remedies 
used in the treatment of eczema, omitting tjqies of eczema for which 
there are specific remedies, and visualizing the disease in a very general 
way, it is our opinion that a-rays are of great value in the treatment of 
eczema In a general way it is our best antipruritic and our best 
resolvent agent for this purpose However, too much must not be 
expected It is absolutely essential that everythmg possible be done 
to determine and eliminate the external and internal causative factors. 
Also, the patient should receive the benefit of regular dermatologic 
treatment, intelligently administered, care being taken not to use 
strong tar, mercmy, sulphur and other compounds when employmg 
the a;-rays 



B1BU0GRAPH\ 


m 


Geaeral Technical Suggestions —The acute types of eczema, e% en hen 
localized, should recei\e \erj mild application (38 r) Widespread 
eruptions of anj tj^e should recene weekU applications of from 38 to 
75 r \\ hen treating generalized or univ crsal eruptions not more than 
about one-fourth of the bodj surface should be treated at one time If 
this suggestion is not followed the eruption maj get ^\orse, there ma> 
be cutaneous or constitutional to\ic s\roptoms and the lymphocytic 
count may be lowered 

In our experience filtered ar-raxs arc no more efficacious than is 
unfiltered radiation e\en in eruptions that show considerable para- 
keratosis and acanthosis 

Radium —Radium is not suitable for widespread eruptions In the 
case of small patches the results of radium treatment arc the same as 
those obtained w ith ar-rax s Radium is especially indicated as already 
mentioned, for the treatment of eruptions situated on the scrotum 
and cxelids As a routine it is adxisablc to screen with 01 mm 
aluminum and to give about I crxthema dose once weekly for three or 
four treatments 
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PbORIASIS PARAPSORI'^SIS DERMATIHS 
EXFOUATIVA 

Thesl three diseases are considered m n single chapter because 
dermatitis exfoIlatl^a ma\ occur as a complication of psoriasis para- 
psoriasis is included simplj on account of its name 

PSORIASIS 

Strater seems to lia\e been the first to treat psoriasis ^Mth x ravs 
(1900) Ilahn Albcrs-Sclionbcrf, Startm and others reported cases 
at about the same time In this countr\ the first reports of the 
roentgen-raj treatment of psoriasis were made bj F H Williams, 
Pusev, Allen, and Zeisler Holzknecht, Bhschko and Wickham and 
Degrais ^ere the first to employ radium for this purpose 
There is hardh a dermatologist r\ho has not Tvntten or spoken 
at medical ■societj meetings of the use of x-rajsor radium in the treat- 
ment of psoriasis Consequentlj the literature dealing T\ath the sub- 
ject IS \ olummous 

Clinical Types —Psoriasis maN begin as a generalized eruption of 
discrete rapidlv c%ohing lentil sized or split-pea-sized red conical, 
scal> papules This is psoriasis guttata It is the acute t\pe, but the 
symptoms as a rule are not tliose of an acute inflammation 
The eruption ma\ undergo spontaneous in'olution in a fen neeks 
or months but it is more likel\ to persist and e\ oh e into tne nummular, 
inseterate or other chronic pes The di^ase ma> begin msidiouslj , 
a fen lesions occurring at the site:> of predilection— knees, elbons 
extensor surfaces of the extremities, scalp, etc These lesions increase 
slon h in size and numericallv until perhaps large surfaces are m\ oh ed 
Betnetn these tno extremes there are xanous chmcal txpes hence 
the terms psoriasis punctata, guttata, nummularis, gxTata, geographica, 
mveterata, discoidea annulata, rupioides ostracea, pustulosa etc 
The adjectix es are used to denote the appearance of the eruption and 
to indicate rapiditj of dex elopment 

It IS not quite correct to sa> that the extremes are psoriasis punctata 
and psoriasis inxeterata At times, especialh on the extremities, the 
disease is associated nith a great deal of acute inflammation At 
times also the eruption becomes unixersal and it max then assume 
characteristics that compel a diagnosis of dermatitis exfoliatix a These 
unusual examples may occur spontaneously or they may be the result 
of improper treatment, either medicinal or by irradiation 


( 413 ) 
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Befoie attempting to treat psoriasis \\itli .t-ra3's or radium the 
leader is uiged to stiid^ tlie disease in some standard treatise on der- 
matolog.v Tlie roentgenologist shonhl Know liow the disease maj 
behave vhen left alone anrl how it ma.v act under the influence of 
carious kinds of tieatment 

Value of Irradiation.— It is doubtful if any theiapeutic agent or 
eombination of agents can compare with .r-rays (intelligently emploc ecb 
in general efficacy for the treatment of the lesions of psoriasis, provided 
the case is one that is suited for .-c-ray treatment. Ammoniated mer- 
cury, salicjdic acid, sulphur, tar, chrj'sarobin and pyrogallic acid com- 
binations, if properly employed, will often cause rapid involution 
of the lesions. These remedies, however, often fail largely because 
of the difiicultj’- of obtaining necessary cooperation on the part of the 
patient At times the failure is not clue to lack of care and persever- 
ance, it may be caused by the impotency of the drugs in some cases 
and idiosjmciasy of individual patients in others. Furthermore, many 
patients object very strenuously to the use of such disagreeable drugs 
as chrysarobin and pj'rogallic acid. 

Often isolated, small, long-standing lesions will disappear as a 
result of a single (150 or 200 r) dose of a-raj^s. Large inveterate lesions 
and generalized eruptions of almost all clinical types will usually 
undergo involution as a result of from three to eight weekly (75 r) 
treatments We prefer and advise weekly treatment in all cases 
that are to leceive .-r-raj^ treatment. 

In spite of the excellent results obtained with .a-rays m the treat- 
ment of psoriasis, irradiation is bv no means the method of election 
Extreme caution and judgment m the use of the x-ra.vs and in the 
selection of cases for such treatment are necessao^ not onty in order 
to obtain good results but in order to avoid bad lesults. 

Psoriasis is a peculiar disease It is incurable In some persons it 
is impossible to control the ei uption for months at a time, new lesions 
de\ eloping as fast as old ones disappear In such instances the disease 
ma\^ become universal in spite of the most intelligent efforts. Fortu- 
natety such occurrence is rather uncommon. After the disappearance 
of a psoriatic eruption there ma.v be a long period of latencj'^, months 
or even c'ears, during which time there may he complete freedom 
from the disease More commonh’’, occasional lesions appear which 
respond readily to treatment Xot infrequently the patient has 
repeated attacks, each of which disappears promptty when irradiated 
These outbreaks maj’’ occur at frequent intervals or the\^ ma}' be 
separated by years. 

Irradiation is not alwaj^s successful. Rareljq an eruption fails to 
improve under irradiation, e^'en an eruption that has never been pre- 
Mously irradiated. It is not uncommon to see an eruption improie 
and then fail to disappear under the treatment New lesions will, 
in such cases, develop in areas that are being irradiated Again, 
when recurrent outbreaks are irradiated the disease may, after several 




416 PSORIASIS-PARAPSORIASIS-DEBMATITIS EXFOLIATIVA 


such attacks, fail to be influenced by further irradiation All these 
facts are of the utmost importance and should be borne in mind. 

Sensitiveness of Lesions.— Psoriatic lesions are usually fairly sensitive 
to .T-rays and radium Not only do they disappear quickly under the 
influence of small doses, but they react more readily to such treatment 
than does the normal skin. A suberythema dose may produce a first- 
or even mild second-degree reaction in the lesion, while the surrounding 
skin will not react to the same quantity. This difference in suscepti- 
bility IS caused, presumablj'-, by the amount of blood in the lesion and, 
also, because psoiiatic lesions are so often treated with chemicals 
(chrysarobin, etc ) which make the tissues more sensitive (see Chapter 
on IdiosyncrasjO For these reasons it is advisable always to employ 
small doses, especially when treating patients who have been using 
chrysarobin, p^wogalhc acid, salicylic acid, mercury, etc Furthermore, 
such topical remedies are contraindicated while the patient is under 
.r-ray or radium treatment. 

Treatment of the Thymus.— Brock, Otto and Harry Foerster, Mulil- 
mann, Gawalowski, Guarini, Schneider and others have treated the 
region of the thymus in cases of psoriasis. The Foerster brothers 
observed results that were encouraging. Their article is conservative 
and they give a complete review of the literature Gawalowski ob- 
tained 14 clinical cures m a series of 82 cases; 40 improved, 5 were 
unaffected, 2 got worse and 21 patients were not followed. Brock 
treated a large number of cases with but 2 cures and a few improve- 
ments Guarini favors the treatment Muhlmann and Schneider 
failed to obtain good results. 

This IS deep therapy, and filtered radiation should be -employed. 
If the dermatologist attempts the Avork he may use 100 kilovolts, 
preferably 125 kilovolts at a distance of 10 or 12 inches, and a filter 
of 3 mm aluminum An area about 4 inches square over the thymus 
region, back and front, may receive a dose of 137 r once weekly. If 
radium is preferred, a tube containing 25 or 50 mg. of element or a 
corresponding amount of radon, should be screened with 1 mm. brass, 
0.5 mm. silver and 3 mm. rubber At a distance of 1 inch the weekly 
exposure may be from fifteen to thirty minutes for each square inch 
of surface 

In the United States, most dermatologists have abandoned this method 
of treatment. 

Recalcitrant Eruptions —If the lesions of psoriasis will yield to irra- 
diation they Avill nearly always disappear under the influence of from 
three to eight iveekly treatments of 75 r unfiltered. If the lesions do 
not yield to this amount of irradiation they will not, as a rule, be 
benefited by further treatment, therefore a continuation of treatment 
beyond this point is inadvisable Long-continued irradiation of re- 
fractory lesions may be folloived by a peculiar resistance on the part 
of the disease to any form of treatment. We are not certain that this 
peculiar stubbornness is the result of roentgenization That it is 
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DccisionallN encountered subsequent to rocntgcnization docs not con- 
stitute proof because cqinlK rebelbous examples of the disease are 
encountered in ^\lucb the lesions haxc nexer been treited uith r-ra>s 
or radium Ilouever, the iium point to be emphasized is tint no 
good can be accomplished In a continuation of treatment bei ond tlie 
point mentioned aboA c 


ric 181 — In%etLrato piornsu, I eforc trent 
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Fia 1S2 — S\n)o pitiint sliown m Fi* 18 
afltr fractional r ra\ treatment The tannine 
'fthich J9 teniporar^ la due In tlie di ea c 


W e ha\ e seen atrophj , persistent scalincss and permanent, excessu e 
drtness of the palms and soles caused b\ the too persistent irradia- 
tion of stubborn psornsis of these regions In otlier words the resu/t 
of the treatment was an uncomfortable and incurable condition of the 
skin, a condition much worse than the disease for which the treatment 
was giten 

At times when psoriasis fails to respond normallj to irradiation 
It will do so after a ‘series of whole blood injections 
Recunent Eraptions —Good judgment is required in using x rays and 
radium for the treatment of recurrent attacks of psoriasis This per- 
tains to both circumscribed and generalized eruptions Assuming 
that the eruption disappears as is often the case as a result of a few 
weekK treatments it is permissible to treat recurrences m the same 
manner so long as the lesions continue to respond fa\ orabH to a few 
small doses and the recurrences are manx months apart, or the new 
lesions develop m locations that have not been irradiated at all It 
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should be recalled that five or six months of such treatment, providing 
the treatment is continuous, may in some persons result m atrophy 
of the sudoriferous and sebaceous glands. Therefore, if the i elapses 
occur in rapid succession, so that there is no oppoitunity to allow a 
rest interval of several months between courses of tieatment. it is 
necessary to watch the skin caiefully for evidence of lessened aetivity 
of the appendages 



Fig 1S3 — Pson isis ^Inl\o^^^l^s or dornntitis c\- 
foliitivT before trentincnt 



Fig lS-4 — Finic jntient shown in 
Fip 1S3 nfterRcnci.nl bodv roenfgeni- 
ntion 


As a mattei of fact, it will be usually found tliat in cases exliibiting 
a tendency to pioinpt and frequent i elapses, the eiuption vill cease 
to be benefited by continued iiiadiation. 

Generalized Eruptions.— Generalized eiuptions must be tieated vith 
caution If tlie dose is too laige, oi if too extensive areas aie exposed 
at one time, tlie lesult mav be systemic toxemia, toxic i ashes, or the 
psoriasis may assume troublesome and even seiious chaiacteiistics In 
some persons psoriasis, even vhen untieated oi when ti’eated vitli 
chrysarobin or otlier topical leinedies, may acquue unusual and alaim- 
ing qualities One must not, therefoie, tlioughtlessly blame tlie treat- 
ment for complications of tliis kind. However, tlie fact tliat psoriasis 
can be made woise and tliat local and geneial toxic symptoms may 
be pioduced by injudicious treatment, demands caution and judg- 
ment These statements apply not only to .r-rays and radium, but to 
otlier forms of treatment and to combined treatment For technical 
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details relative to generalized roentgemzation the reader is referred to 
the Chapter on General Tlierapeutic Considerations 
Dosage —We prefer small do<?es for psoriasis In treating gener ilized 
eruptions the do-^e is 38 r to 75 r unBItered, depending upon the age 
of the patient, the extent of the iinohed surface and the character 
of the eruption (acute or chronic m tvpe) Circumscribed areas are 
treated n ith 75 r doses regardless of the clinical tv^pc Long experience 
has demonstrated that small doses gne better re&ults in psoriasis 
than do large doses except when dealing with a fen small lesions 
Reasons for this preference Inv e been gi\ en abo\ e 

Erv'thema doses i e a qinntitv sufficient to evoke a first-degree 
reaction wall, ns a rule effect a better temporarj result than will smaller 
doses These large doses, however mav produce telangiectasia Such 
treatment is never adv isable 

When treating small lesions it is advisable to shield the normal skin 
^\llen treating large surfaces it is not neccssarv to protect the normal 
skin The doses used in this disease are or should be too small to injure 
unaffected skm 

Routine Treatment —SinaU lesions if not acutelj, inflamed, should be 
treated with weekiv doses of 75 r Ciicuni‘'cnhed areas are treated 
m the same manner Generalized and universal eruptions receive 
half this amount 

If the eruption does not undergo involution as a result of a few 
wecklv treatments if new lesions are constantlv developing or if fresh 
outbreaks continue to occur it is inadvisable to continue 3 ; rav treat- 
ment 

Inflamed areas are not irradiated until the acute svTnptoms have 
subsided The use of chrvsarobin pvrogallic acid tar inercurv, 
sulphur, salicjlie acid etc , is not permitted during nor for a week or 
two previous or subsequent to irradiation 

Practicall} irradiation is of serv ice in cases tliat resist other methods 
of treatment for patients w ho hav c onlv occasional lesions or occasional 
attacks and for patients wlio prefer to escape using disagreeable oint- 
ments 

At a meeting of the New ork Dermatological Societv for December 
1920 there was an excellent discussion relative to the value of 
roentgemzation m the treatment of psornsis The gist of the 
discussion was that m a reairrent disease like psoriasis a-nvs 
should not be cmploved as a routine but onlv bv one who 
knows the disease and its characteristics and aUo one who is 
both an expert roentgenologist and dennatologist It was admit- 
ted that when proporlv emploved and used in selected cases, 
roentgemzation was a safe efficacious and clean method of obtaining 
relief from disagreeable objective svmptoms and m gaming control 
of the disease \ good point w is mentioned bv Winfield who warned 
against allowing the patient to select the treatment A patient might 
obtain a good result with aravs and then insist upon having everv 
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.,-jt treated in the same manner, even going, perhaps, 
' ^ ' 1 , t or yriicrupiilous physicians for the purpose. Or the patient 
’ "'Ttm /jn'ing previous .r-ray treatment. Arsenical treat- 
* ^ VI analogy. Patients are given ansenic for an attack of 

r VwTV time a lesion desmlops they take arsenic without, 

‘!l/r -.7- X? X„ .J I.. * 1 




fiiri^nlting a physician. Many .such patients develop arsenical 


Psoriasis,— Pu^tuJar psoriasis, most frequently affecting 
foes, palnis and sole.s, but at times seen also on the trunk, 
,s, 11''^^’^': relatively insensitive to roentgen therapy. In fact. 


Yg^jety of eruption (of rare occurrence) is one in which the 
^ as-ume a graj^ asbestos-like, infiltrated, rough-surfaced and 
rliaracter, appearing more often on the lower extremities in 
of the ankle-joints. Eruptions of this variety are as a 
'^adiorciistant to such a degree that a:-ray therapy is not advo- 
.^..bestos-like psoriasis is frequently unresponsive to most of 
ninwoniy ernploj'ed topical remedies, of which chrysarobin 
l^wpoiinds are by far the best. 

REGIONAL PSORIASIS. 


psoriasis of the Scalp,— Excellent re.sults may be obtained with 
ravs in obstinate psoriasis of the scalp, e,specially when the entire 
f(^Ip involved. 'Phe manner of application consists of the Kienbbck- 
\dainson five-exposure method, the details of which will be found 
ander the heading of Tinea Capitis, The do,se must not exceed 150 r 
,xj one month. This amount may be applied at one sitting or one may 
give 38 r t^\nce weekly for two weeks, or weekly for a month. One 
course of treatment usually suffices; if not, a second cour.se may be 
given after a re.st interval of one month. The dose of 1 50 r .should not 
be exceeded as 225 r has been known to effect a defiuvium of scalp 
hair in a female blonde with psoriasis of the scalp. If two or three 
courses of treatment do not effect involution of the eruption it is advi,s- 
able to discontinue the treatment. Infraroentgen (^renx) rays will 
at times give good results in this location. 

Psoriasis of the Face, — For technical details relative to the applica- 
tion of a>-rays to the face and neck the reader is referred to the chapter on 
Acne Vulgaris and Sycosis, If there are lesions in the eyebrow.s, these 
parts may receive as much as 150 r in a month, without danger of the 
hair falling out Very “soft” arrays (grenz) may prove advantageous for 
the treatment of psoriasis of the eyelids and eyebrows When applying 
arrays or radium to the eyelids it is advisable to shield the eyeball, 
particularly for legal reasons. 
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Psonasis of the Hands and Feet —It is often necessary to expose the 
dorsal and palmar surfaces of the hands, and the dorsal and plantar 
surfaces of the feet It is possible to treat both palms or both dorsal 
surfaces of the hands at the same tune The same is true regarding 
the plantar and dorsal surfaces of the feet This method does not 
pro\ ide uniform dosage o\ er such large areas, but in the case of psori- 
asis uniform dosage is not nccessarv (for technical details, see hj'pen 
drosis) 

Psonasis of the Nails —Irradiation mcWs fairlv good results in 
psoriasis of the nails Lesions of the nail', are more stubborn than are 
those of the skin It usually requu-es from si\ to a dozen or more 
neeklj treatments to effect the deaircd result The skin around the 
nails should be shielded For further technical details the reader is 
referred to onxchonwcosis 

Psonasis of the Scrotum — Paonatic lesions usually disappear so 
promptlj nhen irradiated that m ordinary cases there is no danger to 
the testicles Lesions of the scrotum do not require more than three 
or four neeklj doses, as a rule, and thi-> amount is not sufficient to 
injure the testicles permanentK Houexcr, possible injur\ to these 
organs must be kept m mind It is ad\isabie not to appl> more than 
three or four doses (75 r) and the course should not be repeated It 
IS often necessar\ to expose the entire scrotum This requires a dose 
to both the anterior and the posterior surfaces Ijnder such treatment 
the testes if not properlj protected uould recene a double exposure 
In all cases the testicles should be pushed into the external inguinal 
ring, and held there b^ the patient uhose Innds are coxered uith 
lead-rubber or lead foil E\en uhen the testes are protected m this 
manner the\ max be injured bv scattered and secondarx radiations 
^^^len more than a fexx xxeekij treatments are gixen it is a good plan 
to examine the semen 

It IS, generallj speaking, inadvisable to treat the scrotum x\ ith z rax s 
especially in men under fiftj-five or sixtj jears of age ^Ye obserxed 
the case of a joung man xvho bad received minimal do'^es of x rax to 
the scrotum for an eczema The testes were retracted and coxered 
with lead foil The patient subsequentlx married and xxas found to be 
sterile He attributed his stenlilj to the i-raj-exposures Investiga- 
tion revealed that he had azoospermia long before x-raj treatment xi as 
applied to his skin Unpleasant legal procedures were nipped m the 
bud b> this rex elation 

Grenz-ra> therapj for scrotal psoriasis is generally accepted to be a 
relatixelj safe procedure Nevertheless the same careful precautions 
—retraction of the testes minimal dosages adequate protection etc , 
must be rigidlj obserxed with the super-'^oft rax therapj as with 
conventional metliods 

An unscreened flat radium applicator offers certain advantages 
when treating psoriasis of the scrotum The “soft’ beta raxs act 
27 
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very superficially and also very rapidly. The exposure is so short 
that the dose of gamma raj’-s received by the tesles is exceedingly 
small. A half-strength, glazed applicator, covered with a layer of 
rubber tissue or oiled silk, may be held in contact with the affected 
areas for one or two minutes once weekly. 

Leukoderma Psonaticum.— Rarely, after the involution of psoriatic 
lesions, the area of the skin, previously the site of the lesion, is whiter 
than is the normal skin of the patient. Around this white area there is 
an areola which is darker than the normal skin. The dai k area accentu- 
ates the white area. The condition is permanent, or at least it lasts for a 
long time Irradiation should not be blamed for this peculiar sequela. 

Psoriatic patients often take arsenic for long periods of time. Occa- 
sionally one encounters arsenical keratoses and aisenical pigmentation, 
for vhich .^-rays should not be blamed. 

Filtration.— We have experimented with filtered .r-rays in the treat- 
ment of psoriatic lesions of all types. The results were exactly the 
same as those obtained with unfiltered radiation. 

Radium.— Radium is not suitable for widespread psoriasis. Small 
lesions disappear quickly, as a rule, when treated with beta rays or 
gamma rays. As far as can be determined, both .r-rays and radium 
are equally efficacious. When treating lesions having a thick horiij 
la\er the "soft” beta rays .should be eliminated by suitable screening. 
If the scales are first removed an unscreened apjilicator may be used, 
although it is advisable, as a rule, to use a thin scieen, say 0.1 mm. 
of aluminum, in all case.s, excepting when treating lesions situated on 
the scrotum or eyelids A half-strength, fiat, glazed applicator, 
screened with 0 1 mm. aluminum, may be placed in contact with the 
lesion for about five minutes once weekly. 

In a general way the discussion of the r-ray treatment of psoriasis 
will answer for radium when used for the same purpose, fi'his includes, 
also, the question of dosage. An attempt should be made to avoid 
reactions and it is well to remember that because of the color of the 
lesion a mild reaction may be overlooked. 

Paravertebral Roentgen Therapy,— A number of dermatologists and 
roentgenologists have published good rc.sults, achieved in cases of moie 
or less generalized psoriasis by applying filtered .r-rays to the vertebral 
column and to the region of the thymus, fiTe idea is to afi'cct the 
sympathetic nervous .system. Most of this work was done before 
1930. Very little is heard of the method now. 

DERMATITIS EXFOLIATIVA, 

Two clinical types are de.scribed under this title: (1) primary and 
(2) secondary, fiTe primary type is called the Wilson-Brocq variety, 
the cause of which has not been determined. The secondary variety 
sometimes results from the application of external lemcdics, such as 
chrysarobin and mercury ointments, in hypersusccptible patients. 
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fbe same clinical appearance also ma> result from the ingestion of 
quinine, arsenic and other drugs and from antitoxin injections One 
of the most common precursors of secondarj dermatiti*? exfollatl^a is 
^videspread psoriasis uhich ma^ become so extensne as to In^ol^e 
the entire bodj bucli a uimer?al cutaneous inflammation sometimes 
follous the application of an imtant topical remed\, such as chr\- 
sarobm, at other times, the generalized eruption of psoriasis changes 
into a universal exfoliating dermatitis vuthout the intervention of 
either external or internal sensitizing substances A third v anetv 
included under dermatitis exfoliativa is pitvnasis rubra of Ilebra, a 
chronic univ ersal dermatitis, associated with grav e s\ stemic si mptoms 
and often ending fatallj 

A number of vears ago we treated a patient who had tlie primary 
txpe of dennatitis exfoliativ a The eruption w as refractorv , but it 
finallv disappeared either ‘;pontancouslv or is the result of several 
months of wecklj a:-raj treatment A relapse occurred m a short 
time and further treatment had no effect Three additional cases 
were treated without tlie «5hglitcst improvement Two were of the 
^econdarv tvpo, while there was some doubt relative to the third case 
although It, too was probablv secondarv to psoriasis or eczema 

4. fourth patient was siiccessfiillv treated with i-rajs for general- 
ized psoriasis A vear later the psoriasis returned and became almost 
universal— secondarv dermatitis exfoliativa This eruption also 
disappeared as a result of irradiation Two vears later the universal 
eruption again appeared \-ravs had no effect 4utoserum and 1 
per cent chrvsarobm ointment produced a clinical cure One jear 
later there was another relapse the most severe of all This attack 
lasted for manj months, and finallv disappeared while the patient was 
taking large doses of quinine Iwo patients with an arsphenamme 
eruption of the dermatitis cvfoJiatM a tv7>e were treated with fr'ictionil 
ar-rav doses ind the eruption disappeared promptiv 

The ? rav s are, therefore, of uncertain v alue m primarv and second- 
arj tvpes of dermatitis exfoliativa and also m the transition stage 
betw een psoriasis and exfohativ e dermatitis 


PARAPSORIASIS 

Parapsoriasis in its different forms is usually not amenable to 
xray therapy The eruption sometimes responds— at least tempor- 
arilv— to intensive ultraviolet light However x-ravs may be given 
a trial as isolated reports of favonble results are found m the litera- 
ture In such reports considerable doubt is cast on the correctness of 
the diagnosis In the exudative form of the eruption— pitvTiasis 
hcbenoides et sanoMorims acuta— alxi called parapsoriasis varioli- 
formis, the tendenev toward «5pontaneous resolution is recognized 
In severe and widespread eruptions, i-ra\ and ultraviolet therapv 
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have occasionally proved to be beneficial, more especially in cases 
tending toward chronicity. 

We treated a case of gencralis^ed parapsoriasis of the lichenoid type. 
All lesions were given four treatments at weekly intervals, consisting 
of 75 r unfiltered. There was about 05 per cent improvement; after 
eight treatments nothing but a few papules and pigmented macules 
remained on the arms Ormsby tried roentgenization in a case of 
parapsoriasis of this type and also in a case of erythrodermie pityri- 
asique en plaques disseminees (parapsoriasis in plaques) without result, 
Wise and Rosen failed to note improvement in a case of parapsoriasis 
in plaques under rather prolonged irradiation, 'fhe case was one that 
resembled the prefungoid stage of mycosis fungoides. The fact that 
the eruption failed to improve under the influence of .r-rays was used 
by these writers as evidence in favor of a diagnosis of parapsoriasis. 
Mycosis fungoides is usually amenable to a;-ray treatment, especially 
in the early stages of evolution. 

Maki found x-rays of value in the treatment of parakeratosis varie- 
gata. The original article is not available and the abstract does not 
give details. 

Kreibich reported a case of paiapsoriasis atrophicans in a young 
woman who, in addition to the skin disease, had amenorrhea and genital 
hypoplasia. She was given a dose of roentgen rays (one-sixth to one- 
eighth the castration dose) over the ovarian region and in response 1o 
it, men.struation reappeared and the skin disease vanished, 
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CHAPTER XXX 


LICHEN PLANUS. 


ScHOLTZ f]902j ^\as the first to enter the literature witli the report 
of a case of lichen planus treated with r-rays. Additional cases, in 
all of v.'hich the results were favoiable, were soon reported by Zeisler, 
Echvards, Pusey, Gilclnist, Allen and many cRhei-. 

These reports all i elated to the .-J'-ray treatment of cireurascribed 
patches of chronic lichen planas and lichen planus hypertrophicus 
Lustgarten (W)i) obtamefl good results with .r-rays in generalized 
lichen planus. Montgomery (lOOdI cured a patient \\ho had univer- 
sal and very severe lichen planus The patient had not been entireh 
free of the eruption for seventeen years. The eruption had been uni- 
versal for several months It disappeared as a result of irradiation 
over a period of three months 

Alost textbooks on dermatology and roentgenology state that the 
a;-rays are useful in the treatment of c'hronic types of lichen planus. 
Blasehko, H. Fo.x, "Wise, Stern and others have testified to the efficacy 
of the a:-rays in localized and gcineralized lichen planus Incidentally, 
Ormsby cured a case of lichen planus atrophicus with ar-rays 
Wickham and Degrais seem to have been the first to report the 
treatment of lichen planus with radium They cured isolated patches 
of chronic lichen planus in several patients. They also cured one case 
oi zosteriform lichen planus. Simpson, Newcomet, Fmzi and others 
recommend radium. 


Types of Lichen Planus —Lichen planus usuallv de"elops si n\I,v and 
runs a chronic course. The sites of predilection are the fie* oi ‘'ud c 
of the forearms, the inner aspect of the tihghs, the glans penis and 
the buccal mucosa, but almost any part of the body may be involved, 
the eruption, in fact, may be generalized. It sometimes begins in the 
form of a diffuse dermatitis, devoid of papules or macules. The ele- 
mentary lesion is a pinhead-sized, flat-topped, shiny, smooth, more oi 
less polygonal, sometimes umbilicjated papule. The color is lilac- 
violaceous The subjective symptom is itching, which may var\' frorn 
mild to intense. The papules may be discrete or they may be grouped 
into large patches. They ma^’’ coalesce into a solid patch of lichenifi- 
cation— a mosaic. They may form linear, annular and gyrate con- 
figurations. 

Lichen planus, treated or untreated, may last for months or yean. 
Indi^'idual lesions may persist or the eruption may continue to east 
through the formation of new lesions, the older lesions undergoing 


* In llie last edition, this tliapter v.as revised by Dr. Fred Wise Some of the 
material added by Dr. Wise has been retained in this edition 
( 420 ) 
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spontaneous imolution It ‘teems to be the consensus that the spon- 
taneous cure of lichen phnus is uncommon Phis, ho^\e\er, is not 
our impression \Miile not desiring to nnkt a definite statement 
personal impression is that mam cases of ordinar\ lichen planus mil 
disappear i\ ithout treatment in from si\ months to a ^ ear or tn o 

Indiiidual papules of lichen planus mav at times increase markedly 
m size or indiiidual patches maj become tliickened— lichen planus 
hipertrophicus Such patclics raaj become hiperkeratotic or \erru- 
cous— lichen planus \errucosus These tiTJes arc eacecdingK per- 
sistent and recalcitrant and are situated usualli on the legs Thev 
ma} persist almost mdefiniteh 

Occasionalh lichen planus ma\ de\cloprapidl\ as an acute evantliem 
mth a generalized or almost unixersal distribution In such instances 
the elementar\ lesions are so tin\ and so closelj crowded that the\ are 
hkeU to he ocerlooked Tlie color is a dull crimson there ma\ be 
slight scaliness tlie subjective svmpiom li. a ver\ distressing combina- 
tion of burning and itclung 

There are other tvpes of lichen planus but we are concerned onlv 
with the varieties that are known to be amenable to irradiation For 
further details relative to clinical tj-pcs the reader is referred to stan- 
dard textbooks on dermatologv 

Lichen planus of the mouth and lips ma} simulate leukoplakia and 
lupus ervthematosus, and, inasmuch as the technical requirements are 
different in the three diseases correct diagnosis is of the utmost impor- 
tance Lichen planus is recognized b> reticulation of the mucous 
membrane eruption and bj a concomitant eruption of the skin 

Effect of Irradiation — Ihe result of x rav and radium treatment will 
depend upon the various characteristics of the eruption Lichen 
planus responds in a variable and capricious manner to roentgen 
therapv As a general rule the acute and subacute v aneties of erup- 
tions, whether occurring as isolated crops or as widespread exanthems, 
undergo fairh prompt involution as a re'^uH of a senes of weekU 
doses (75 r) of unfiltcred radiation On the other hand patients whose 
eruptions are resistant to treatment even when such treatment is 
pursued up to a “dosis tolcrata ” not infrequenth are encountered 
bj most dermatologists An interesting sidelight in connection with 
this observation is that during the initial period of fifteen to twenty 
jears in which irradiation therapv had been used, the general impres- 
sion prevailed that the disease is in most cases readily amenable to 
such therapv In the past fifteen vears or so experience has demon- 
strated the fact that we were too optimistic m this regard Cases are 
encountered in which the eruption not onl^ is refract orv to radiation 
therapj but m which fresh lesions appear during active treatment 
long ^ter the stage of acute development of the eruption This holds 
true ilso with respect to medicinal therapv Hence one should be 
guarded in making prognostic pronouncements in relation to all 
varieties of lichen planus 
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Acute Exauthem Type — Wc ha\e treated a number of cases of this 
tjpe uith a:-ra^s The results ha\e been excellent The uorst and 
most interesting case u as referred for roentgenization b\ John Lane, of 
Neu Ha\ en With tlie exception of the scalp and fact the eruption 
was universal Tlie eruption consisted of one solid sheet of confluent 
tin> papules uhicli could be seen onl> with a side light The color was 
a dull crimson The subjective sjraptoms were burning with mtense 
itching The eruption had been present for six months and had not 
improved under medicinal treatment The verv first a-^raj treatment 
lessened the itching and burning These svTnptoms unproved rapidlv 
and entireL disappeared in les>s than three weeks The eruption 
showed evidence of involution after the first treatment The involu- 
tion was continuous The patient was cured and dischirged in seven 
weeks 

•\nother patient had a mtid attack of hclicn planus which disap- 
peared in two months One month later there was an acute univer- 
sal eruption which had continued unchanged for four months when 
T-rav treatment was begun The patient was cured m six weeks 
Roentgenization prov ed v erj efficacious m the remaining patients 

Generalized Lichen Planus —In the past twentj-five jears over 200 
patients (clinic and private) with generalized lichen planus have 
been treated with z ra^ a The eruption has varied in extent sometimes 
being wide!' distributed over the extremities sometimes involving 
the back, chest and abdomen In the majoritv of cases the eruption 
has disappeared promptlv as a result of ar-raj treatment, iisuallv in 
a few weeks Manv of the patients remained well There were quite 
a number of relapses A considerable proportion of patients continued 
to develop new lesions over a period of several months, and m several 
instances two vears in spite of x ravs and medicinal therapv 

Localized Lichen Planus —Localized patches of ordmarv lichen 
planus resolve fairlv rapidlv when irradiated From 4 to 8 weeklv 
treatments usuallv suffice for a cure New lesions mav develop in the 
site of the former eruption or m new locations This is not how ev er, 
the rule It must not be mferred that irradiation prevents recurrence 
or that it exerts anv influence on the unknown etiologic factor All 
that can be said is that irradiation will usuallv cause disappearance 
of the lesions 

Over 300 cases of localized lichen planus have been treated with 
arrays Manj of these cases were of the hvpertrophic tv^ie a few 
w ere of the \ errucous v anetv , 1 patient presented a hvpertrophic 
lichen with lesions as large as a <;plit walnut (Dr '\^^lltehouse s patient) 

The results obtainable in hvpertrophic lichen planus depend upon 
the duration of the eruption and the thickness of the tissue From 
4 to 8 weekly doses will often cause complete involution of individual 
hj pertrophic papules and small patches of hv pertrophic lichen planus 
Large, thick patches are more stubborn and maj require irradiation 
over a period of tw o or three months 
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Verrucous hchen phnus is oompintnelv \erv unyielding: often 
requiring se\cr'il subcr^thema dose^, depending of course, upon the 
size of the lesion nnd tin. nmount of icinthosto and Inpcrkeratosis 
Lesions of the biiccil inucoS'i tend to be extremch refractort to 
most forms of thenp\ —both b\ irradiation and b\ medicinal remedies 
In some instances the skin clears in a feu weeks while the buccal 



Fio 189 —Lichen planus h>T>ertrophicus before treatment The lesions on the 
wrists represent hjiKrtropliic lichen planus papule The Je ion on the little finger is 
one of verruca vulgaris 


manifestations mat persist for \ears afterward On the coiitrar\ 
some undergo spontaneous regression Lichen phnus of the lips 
adjacent to tlie termilion border ordinarilv responds well to wetkK 
doses of X ra\s In our experience lichen planus of the buccal mucosa 
Melds well to irndiation when it is part of an acute generalized erup 



Fig 190 — The same patient shown in Fig 189 after one suber>thema x raj treat 
ment The w art on the little finger was untreated but it disappeared m less than a month 
after the treatment of the lichi-B papules Tanning is duo to the treatment 

tion Vhen occurring in the mouth alone or when the mouth lesions 
art associated with a few patches on the skin, the mucous membrane 
lesions are likely to resist irradiation 

Irradiation vs Medicmal Therapy —It seems to be the consensus of 
dermatologists withwhichweagree that injections of arsenic mercurv 
or bismuth and irradiation are about equally successful m a large 
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series of unselected cases Sonck publislied the follovring statistics; 
of 73 patients treated '«'ith .r-rays, 42 5 per cent recovered, 35.4 per 
cent improved and 21.9 per cent -were faUures. Of 29 patients vrho 
received bismutli, 38 per cent recovered, 41.4 per cent improved and 
20.7 tvere unchanged. Of 17 patients treated vrith arsphenamine, 
29.4 per cent recovered, 41.2 per cent vere improved and 29.4 per 
cent failed to improve. 

Biberstein in an article soon to be published in the Archives of 
Dermatology and S^^'philology claims satisfactory results with a vaccine. 

At present, we prefer irradiation alone for localized h'chen planus. 
For widespread eruptions we often first try conventional therapy 
and when this fails we institute .r-ray therapy or, in many cases we 
employ both irradiation and medicinal therapy from the beginning. 



ments 


Sequelae of Lichen Planus. — Lichen planus mav be associated with 
pigmentation. At times this pigmentation may persist for several 
months after the eruption has disappeared Lichen planus sclerosus 
(lichen planus atrophicus; lichen planus morph eicus) leaves areas of 
atrophy, depigmentation or scars Scarring may also occur in the 
vesicular tj*pe of lichen planus, and pigmentation and scarring may be 
produced traumatically (scratcliing) in ordinary lichen planus. X-rays 
and radium should not be blamed for these sequelre 
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— Gcnernhzrd and Umxersal £r»;)ho7i? — The method of 
npph ms X ^'v^ s to e\tensi\ c surfaces or to the entire hod\ is described 
m detail m the Chapter on General Therapeutic Considerations In 
acute cases the dose should be 38 r once weekly, m chronic tj’pes, 75 r 
once weeklj 

Eruptions that are not generalized, but which occup\ fairh e\ten- 
sne surfaces, such as the entire forearm, m^^ be treated with weeklj 
applications (75 r) 

Circumscribed Crnptions —Small pitches of ordinara lichen planus 
usualh respond equallj well to wetkh doses these eruptions usualh 
disappear in a month as a result of a single trvthema dose, hut such 
treatment is unneccssan and mad\ isable 

^\e prefer wcekh treatment for all tjpes of lichen planus In cases 
of icrrucous lichen the thickened horn\ Ia\cr will permit larger doses, 
especially if the patches are small It is ad\ isable to avoid reactions 
e\ en those that might be o\ erlookcd because of the color of the lesions 
AMien emploving large doses the normal skin must be adequatelj 
protected w ith le id foil or other suitable material For details relativ e 
to the application of x ravs to convex and concive surfaces and to 
lesions of v anous sizes, the reader is referred to the Chapter on General 
Therapeutic Considerations 

Fiftrnfioii —riltration of roentgen ridiation is of no value in the 
treatment of lichen planus of the ordinarv tv pes It ma> be used to 
advantage when treating the liv pertrophic or verrucous tvpe of the 
disease 

Radium —Flat applicators give satisfactory results in localized 
patches of hchen planus of the skin and mucous membrane It is 
preferable to filter with 0 1 mm aluminum and expose for about five 
minutes, once vveekiv Gamma rays should be used for hvpertrophic 
and verrucous lesions ^^^mt has been said relative to the x rav treat- 
ment of hchen planus applies m general to the use of radium for the 
same purpose 

Paravertebral (Radicular) Roentgen Therapy — Hudelo Laporte and 
Kounlskv , Pautrier Goum and Versan, Driver Ilelher and manv 
others have claimed excellent results m cases of lichen planus bv 
administering a" n\ s to the cerv leal dorsal lumb ir and sacral regions 
The irradiation is limited to the spinal column and to the nerves as 
they emerge from the v ertebral column In case of generalized erup- 
tion the entire v ertebral column is treated If there are lesions only 
on the legs the lumbar and sacral regions are irradiated The dorsal 
region is exposed when the eruption is limited to the trunk and arms 
and so on 1 he thtorv is that lichen pi mus is due to some fault in the 
meninges of the cord or in the nerves themselves or in the ganglia 
For the most part filtered ndiition has been used However some 
unfavorable results have been reported and Hudelo ei al observed 
one case m which a localized lichen changed into an acute generalized 
type Most of the authors are enthusiastic about the results Goum 
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prefers imSltered radiation, and avers that vith such radiation unde- 
sirable results are avoided. Both large and small doses have been 
used. It vrould seem most logical, if one is going to try this method, 
to use a filter of 3 mm. aluminum and apply about 1.50 r each -n'eeL 
Our results have not been encouraging. The method has not been 
used much in this counm*. Those tvho happen to be interested in 
this phase of the subject tv-ill find a complete bibliography on page 537 
of the last (third; edition of this book. 
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CHAPTER XXXI. 


PRURITUS. PRURIGO 

The analgesic and antipi uritic projicrtics of .r-rays were early recog- 
nized. The earliest textbooks called attention to these attributes of 
the radiation (Freund, Pusey, Williams, Bclot, Allen, etc.). 

For many ;\ears it ^\as thought that .^-rays were a powerful and 
useful analgesic for the relief of pain. Hence A\e read of the apparent 
benefit of such treatment m cases of zoster, sciatica, neuritis, rheuma- 
tism, neuralgia and man}' other diseases in which pain is a prominent 
symptom 

Stembo repoited 28 cases of neuralgia with 75 per cent of cures in 
three treatments Grunmach found .r-rays useful in intercostal and 
facial neuralgia. Fieund and Gocht report the cure of a case of severe 
trigeminal neuralgia of ten years’ duration. Wiekham and Degrais, 
Newcomet, Schiff and others testify to the analgesic action of radium 
in herpes of different t}pes, including zoster and neuralgia. New- 
comet gives C. L. Leonard the credit for being the first to recognize 
this action of .r-rays on the sensory ner^ es 

In recent years A’cry little is heard relative to the ability of r-rays 
or radium to relieve pain by direct action on the ner\ous system. 
Theoretically, such action is possible but in practice irradiation, as a 
rule, seems to be of little if any value 

Suffice it to say that there is very little trustworthy evidence to 
support the theory that r-rays or radium can lessen pain by direct 
action on nerve tissue The consensus of modern roentgenologists 
is that irradiation is not indicated in such diseases as zoster, neuralgia, 
rheumatism, etc. ^^lien relief from pain is the apparent result of 
irradiation it is possible that psychologic influence is the basis for 
the analgesic action or that recovery is spontaneous. 

In such diseases as mycosis fungoide.s, epithelioma, sarcoma, adenitis, 
etc , r-rays and radium may lessen pain by promoting resolution of 
infiltration and exudation, or indirect action 

PRURITUS. 

That irradiation will, as a rule, arrest the itching that accompanies 
such diseases as eczema, lichen planus, mycosis fungoides,^ neuro- 
dermatitis, etc., is a well-estabh.shed fact and need not be discussed 
here We are now dealing with pruritus that is independent of any 
eruption (pruritus essentialis), although lesions or an eruption may 
develop secondarily as a result of rubbing, scratching and strong 
topical remedies. 
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Generalized Pruntus —Very little is knoi\n regarding the \alue of 
jr-rijs in the treatment of widespread essential pruritus Oulraann 
reports the cure of gene rahzcd pruntus (idiopathic) of ten ^ ears’ dura- 
tion 'Ihe itching was most marked on tlic chest and back The 
patient was tlurtj ^ea^s of age Rroma\er and Howard Fox ha\e 
obtained good results with ar-rajs m more or less generalized essential 
pruritus 

We ha\ e treated a large number of cases of generalized and uni\ ersal 
pruritus and persistent itching of large areas of unknown etiolog\ 
The results have been satisfactoiw at times and often disappointing 
At the present moment we arc of the opinion that irradiation is 
not indicated m widespread pruritus except when it is impossible 
to ascertain and rcmo\ c the cause of the itching and w hen the distress- 
ing SNOuptom continues m spite of regular dermatologic treatment 
In such instances a:-ra\s arc likelj to be of serMce although the relief 
obtained will probabh be tcmporar\ 

The technic does not differ from that gi\cn under the headings of 
eczema and lichen planus The dose should be small 3S to 75 r, 
unfiltered, once wcekl\ 

Regional Pruntus —All who have bad considerable experience with 
®-ra}s and radium testify to tlic cllicac\ of these agents in the treat 
ment of persistent itching of the MiKa anal region and scrotum As 
a rule, the itching will disappear cntirel> as a result of from three 
to SIX weckl\ doses of 75 r Usualb there is no relief for at least two 
weeks subsequent to the institution of treatment, and complete relief 
ma\ not be obtained for from three to six weeks The treatment is 
reasonablj certain to effect at least temporary relief 
Haile\ and Hailes report on the results of roentgen treatment m 
105 eases of pruritus ani et miUt Complete relief lasting from 
months to sears was obtained in 80 per cent and improxement m 
15 per cent of the cases 

We ha^e treated o\er 250 cases of region il pruritus, mosth of the 
anusandauha withx-raas The cause could not be definitle\ ascer- 
tained in anj of these cases Ten patients failed to impro\e Se^e^al 
patients required ten or more treatments at wetkK inter\als for 
complete relief In se\ eral cases the se\ ere itching returned m a month 
In all the other patients the itching was arrested in one or two months 
and there w as no recurrence for at least se\ enl months 

There is considerable doubt about the frequenc\ of recurrence In 
pruate practice man\ of the patients ha\e a recurrence in from a 
few months to a a ear or two We ha\e a number of patients who 
require a course of tlirce or four treatments e\erj few jears In most 
cases each recurrence has disappeared under the influence of ar-rajs 
In several patients the recurrences are becoming more frequent and 
more stubborn 

have a record of 15 patients who did not have recurrences 
Most of the patients were not seen after their first course of treatment 
28 
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The impression gained is tliat irradiation piovides one of the most 
certain methods of obtaining at least temporary relief m cases of 
regional pruritus The relief may be permanent, but recurrences are 
common Everything possible should be done to locate and overcome 
the cause of the itching 

Comphcations.— The usual deimatologic complications of pruritus, 
especially regional pruritus, are eczema, pyoderma, dermatophytosis 
and hchenification These complications usually disappear under tlie 
combined effects of irradiation, soothing topical remedies and cessa- 
tion of scratching and rubbing 

Topical Remedies.— Theie is no objection to the use of menthol, 
diluted carbolic acid, and camphor as antipruritics during the tieat- 
ment, but strong preparations of oil of cade, sulphur, mercuiy, salicj^ic 
acid, etc , should be avoided. It is well to avoid antipruritics such as 
benzocame, butesin picrate, ultracaine and similar remedies because of 
their high sensitizing index 

’Sechnic.— Pi uriivs Am —The anal region is concave, and it is desii- 
able to flatten the area as much as is possible This can be accom- 
plished fairly well by having tlie patient he on tlie stomach The 
gluteal fold may be separated by tlie patient with his hands. To insure 
against motion it is preferable to sepaiate tlie gluteal fold with two 
strips of zinc plaster. The proximal ends of the stiips are attached 
to die buttocks and the distal ends aie fastened to tlie table 

The litliotomj^ position is also suitable for tliis jiurpose, altliougli it 
is less comfortable. The litliotomy position (patient on back with 
thighs flexed on abdomen) is tlie best position when it is necessary to 
expose the anus, the perineum and the vulva or scrotum, as is often 
the case. 

For women it is often necessary to expose tlie entire region from the 
pubis to and including tlie anus In some instances tliis may be done 
by placing the target opposite the perineum In many patients it is 
necessary to make two exposures— one witli tlie target opposite the 
upper part of the vulva and one witli tlie target opposite tlie anus 
The radiation from the two exposuies is allowed to overlap upon the 
perineum and lower part of tlie vulva. One position .should be at 
right angles to the other. 

The legs, and in fact all unaffected parts, should be adequately 
screened. 

Filtered .r-rays offer no advantage over unfiltered radiation. 

Dosage.— The dose is 75 r once weekly. Full erythema doses are 
to be avoided on account of the possibility of telangiectasia and other 
sequelae. It has been our experience that if itching cannot be arrested 
by administering a quantity of radiation that is insufficient to provoke 
an erythema, larger doses will also fail Also, if one or two rnonths 
of irradiation do not prove efficacious, there is no use in continuing 
the treatment There may be a defluvium of hair, but the alopecia is 
usually temporary. Erythema is to be avoided 
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Prunius r«fc(c— The teclimc for irndiiting the \'uha is gl^en 
under tlie preceding Jiei(hng Tlie patient should understand that 
there be a temporar\ looS of hair There is no danger to tlie 
o\anes ^\lth tlie dosage used in practice for this purpose Occasion- 
all 5 it IS neces^ari to separate tlie labia majora Phis tlie patient 
maj do herself iMth the fingers or the parts ina\ be held apart be 
means of gauze or cork 

Pnintits Scroti —When treating pruritus of the scrotum i\ith ar-ra^s 
care must be had not to injure the testes It is safe to administer 
three or four x\eckl\ unfiltcrcd treatments to one surface of the 
scrotum If more than this amount of radiation is required as ma\ 
be the case, the semen should be examined at v\eckl\ mtercals and 
the patient should be told of the possibiht\ of nzooapermia Eaen 
when it IS neces’5ar^ to push the treatment to the point of reducing 
the spermatozoa numericalK or to complete azoospermia there will, 
as a rule, be complete regeneration upon cessation of treatment It 
IS possible, of course, to effect permanent azoospermia The exact 
quantity neces''\rs for this purpose is imknow n to us The dermatologist 
or roentgenologist sliouM not accept this responsibiht\ In e\er\ 
^efractor^ case the patient should be made acquainted witli the risk 
his semen should be examined before institution of treatment and at 
frequent intcrcals during tlie treatment Men wlio liaae suffered 
for \ears with se\cre pruritus scroti will as a rule wilhnglj assume 
the risk of permanent azoosiiermia ospcciallv if the\ are be\ond 
middle life as is often the ca«^? 

An unscreened flat radium applicator max be used for the treat- 
ment of pruritus scroti A half-strength unscreened applicator applied 
for one or two minutes once wcekl\ to one area after another, until 
the entire scrotum has been treated, will often suffice for a clinical 
cure riie quantih of gamma and hard ’ beta ra^s reaching the 
testicle wiU be insufficient for the production of azoospermia if such 
treatment is not continued for more than about a month If the dose 
IS larger than that just mentioned there is danger of injurj to the skin 
Furthermore, when appKing radium to anj one part of the scrotum 
the testicle can be pushed to one side 

It IS seldom necessa^^ to apph a'-rajs to botli the anterior and the 
posterior surfaces of the scrotum because the radiation will penetrate 
m sufficient quantity to the opposite surface 

When irradiating the scrotum it is a good idea to push the testicles 
into the inguinal canal where thc\ ma\ be held b\ the patient Botli 
the hands and the testes can be coxered with lead rubber Exen here 
howexer, some scattered radiation is likelx to reach the testicles 
Regardless of methods of protection it is unsafe to applx much radia- 
tion without testing the semen -Vud it is wortli repeatmg that it is 
a splendid idea to examine the semen before beginning the treatment 

Ver> “soft X raxs (grenz raxs) might lie used to adxantage for the 
treatment of pruritus scroti 
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Radicular Roentgen Therapy.— Zimmem and Cottenot recommend 
what they term “radicular radiotherapy” for pruritus and neuralgia 
The method consists of appl3dng .r-raj’^s to the region of the emergence 
of the spmal nerves Thej’- claim success in sciatica, brachial neu- 
ralgia, neurodermatitis and psoriasis (paravertebral roentgen therapy, 
see Chapter on Lichen Planus). 

Radium. — The use of radium for the treatment of pruritus scroti 
has been already’- discussed. We have had verj'^ little experience 
with radium in regional pruritus essentialis of other parts. Occasion- 
allj' we have placed a tubular radium applicator in the anus, together 
with the application of x-rays external!}^ (cross fire) Also we have 
tried beta raj's of radium in cases where .r-raj^s have failed, the results 
were negative In general, what has been said relative to the treat- 
ment of regional pruritus with r-raj’^s pertains also to radium 

Wickham and Degrais, Baj^et, Schiff, Knox, Newcomet, Finzi, 
Simpson, Vignolo-Lutati and others have reported good results with 
radium. 


PRURIGO. 

Prurigo Nodularis.— Zeisler treated a case of prurigo nodularis with 
x-rays The case was benefited but it was not cured Trimble failed 
to note relief in 1 case Netherton failed in 2 cases with .r-rays and 
radium, even after causing first and second-degree reactions. C J. 
White treated a case of lichen obtusus corneus, in which a diagnosis 
of prurigo nodularis was considered X-raj's Avere not beneficial 
We have treated 2 cases AAith x-rays and one AVith radium AAUth disap- 
pointing results. 

Prurigo Mitis.— Schultz has roentgenized cases of prurigo of Hebra 
and has obtained relief from the itching and eruption for periods of 
from four to six weeks. Hahn and Belot report clinical cures Scholtz 
failed to note anj^ effect in one case and improvement in seA^eral others. 
We, seA^eral j^ears ago, tried .r-raj’^s in a number of cases of prurigo 
mitis The hchenification and patches of secondary’’ eczema disap- 
peared. The itching Avas relicA’^ed and there Avere fewer new lesions 
The effect was cA’anescent. It is doubtful if .^-raA'^s are of anj'^ A'alue 
in prurigo mitis 
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CHAPTER XXXII. 


DISEASES OF TPIE APPENDAGES. 

In this chapter will be discussed Jiyperidrosis, bromidrosis, chromi- 
drosis, granulosis rubra nasi, hj^drocystoma, alopecia areata, alopecia 
prematura, pompholyx, cheilitis glandularis and cheilitis exfoliativa 
The last is not a disease of the appendages. It is similar if not identi- 
cal to seborrheic dermatitis. Both forms of cheilitis are considered in 
this chapter solely for convenience Many diseases of the appendages 
are considered in other chapters. Tinea capitis, tinea barbse, ony- 
chomycosis, onychia, favus, acne vulgaris, sycosis vulgaiis, hypertri- 
chosis, oily seborrhea, alopecia cicatrisata, vaiious types of folliculitis, 
etc,, are contained in the various chapters and may be located with 
the aid of the index, 

HYPERIDROSIS. 

Pusey, in 1901, on theoretical grounds, suggested the use of .T-rays 
for excessive sweating, Engman cured a case of hjTieridrosis of the 
axillae in 1903 In the same year Stelwagon cuied excessive sweating 
of the palms, Pirie reports the permanent cure of 15 cases of hyperidro- 
sis of the axillae, hands and feet, with from four to six suberythema 
treatments at intervals of one month. 

In recent years there have been but few reports dealing with the 
.T-ray treatment of hyperidrosis 

It is now admitted by all that roentgen therapy will not only over- 
come excessive sweating in localized areas, but that such procedure 
constitutes the only certain method of permanently curing the condition. 

To cure hyperidrosis it is often necessary to irradiate until there is 
considerable atrophy of the sweat glands When this has been accom- 
plished there is likely to be more or less atrophy of other appendages 
and of various parts of the true skin. This atrophy may or may not 
be manifested by slight wrinklmg. In any event it is deemed unwise 
to treat hyperidrosis of the face on account of the possibility of visible 
wrinkling Slight atrophy of the skin of the face is likely to be dis- 
figuring, especially when the person laughs or smiles, A much greater 
amount of atrophy will not be noticeable in the axillrn or on the hands 
and feet Furthermore, the skin of the face seems to undergo atrophy 
more easily than does the skin of other parts, 

Hyperidrosis of the scalp cannot be treated with a-rays because 
such treatment would probably result in permanent alopecia^ 

It is considered unwise to treat generalized hyperidrosis with a-rays 
because such a large amount of radiation might deleteriously affect 
the deep lymphatic structures, the blood, viscera, ete. One should 
always consider the possibility of objectionable and even dangerous 
late sequelm. Dosage, technic and dangers are discussed later 
( 442 ) 
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Rarely one sees localized h>pendrosis in unusual locations— check, 
forehead, or a single round area on the back, or on one arm or leg 
Such circumscribed areas can be successfully treated yyith x-rajs or 
radium 

The most marked examples of hjpendrosis are usually seen in the 
axillx, on the palms and on the feet, especially the plantar surfaces 
The result of intelligent irradiation m hypendrosis of these regions is 
often satisfactory 

Excessive Dryness —It is important not to cause complete atrophy 
of the sudoriferous glands ihis cannot be avoided with absolute 
certainty , but it can be prev ented in most of the cases While it is true 
that an cxcesbiveh dry skin is preferable to an excessively moist skin, 
y et the former has its disadv antage:. W e liav e seen cases of excessiv ely 
dry skin of the axillse, palms and feet that required constant applica- 
tions of grease ithout plenty of oil the skm hssured and eczematized 
very easily, especially in cold weather The treatment, therefore, 
should proceed cautiously , and it should be interrupted before sw eat- 
ing has entirely ceased After cessation of treatment the secretion 
will usually continue to diminish for a few weeks and the skm may 
become temper inly too dry This is followed by considerable regen- 
eration, so that the end result is a skm exlubiting the normal amount 
of moisture Roughly, the treatment should be 'topped when there 
has been 75 per cent improv cment After a rest of two or three months, 
if there is still too much sudoriferous activity, more treatment may be 
given Irradiation mav cure hypcndrosis, but there is no successful 
treatment for the excessively dry skm tliat mav follow complete 
atrophy of the oil glands and sweat glands 

Patients w ill become impatient and urge the operator to admmister 
larger doses or to give tlie treatments at diorter mterv als Is it neces- 
say to caution the reader that he must be guided entirely by his own 
judgment, which should be based on a knowledge of the disease and an 
adequate knowledge of x rays and radium’ If so, it is requested that 
the reader peruse carefully tlie medicolegal chapter Examine the 
skm carefully, and interrogate the patient at each visit Stop the 
treatment before sweatuig is entirely arrested There are mstances 
when sweating stops suddenlv after one or several treatments In 
such cases no more treatment sliould be administered As a rule, the 
reduction of sudoriferous activity is gradual 

Dosage —Regional hvpcndrosis mav he cured in one treatment bv 
administering a quantity of radiation that will effect a first-degree 
reaction Such treatment is decidedly inadvisable It may cause too 
much atrophy and it mav be followed by telangiectasia We have 
seen some good results from such treatment and w e ha\ e also seen a 
number of bad late results 

Most dermatologists apply 75 r, unfiltered, once weekly without 
interruption up to sixteen treatments if necessary This is safe treat- 
ment and the results are often satisfactory It is the treatment used 
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by us as a routine. Some operators give monthly treatments. The 
flexures (axillse, palms and soles) are rather sensitive parts (“radio- 
sensitive”) and, therefore, the dose should be less than for other parts 
of the body. The soles will tolerate a little more than will the palms, 
and the latter vdll stand a little more than will the axilla. The sex, 
age and complexion of the patient must also be taken into considera- 
tion. The usual dose is 225 r, once monthly. There are exceptions- 
in adolescents, females and blonds the first dose is 150 r. Old people 
or very dark persons may tolerate 250 r or more. It rarely requires 
more than six treatments to effect the desired result. Many patients 
are cured in four treatments and a few patients are cured in one or 
tv\'o treatments. 

A first-degree reaction should be avoided because of the danger of 
telangiectasia Larger individual doses or a greater total dose than 
herein advised shoifid be avoided because of the possibility of the sub- 
sequent development of a;-ray skin. 

Technic. — AziUas.—The patient should be on his back on the table, 
the forearm is placed behind the head. This will expose and tend to 
flatten the concave axilla The anode is placed directlj’’ over the cen- 
ter of the axilla; all parts excepting the axilla are carefully .shielded 
In most persons it is impossible to convert the axilla into a plane 
surface. With the position given above there will be still a little con- 
cavity*. This slight concavity, however, is not a disadvantage, as it 
favors equalization of dosage of the entire surface. 

There may be temporary loss of axillary^ hair and occasionally there 
is pigmentation. 

Palms . — Both palms may be exposed at one time The hands are 
held close together with the dorsal surfaces of the hands and fingers 
in contact v^'ith the table. The anode is placed directly over the cen- 
ter of the area to be irradiated. It is obvious that the dose will not be 
equal over this large surface unless the tube is placed at a much greater 
distance than is used in practice. This accounts for the apparent 
stubbornness of hyperidrosis of the finger tips If the hands are flexed 
a little so that the periphery of the exposed surface is a little nearer 
than is the center, then all the rays, direct and oblique, xvill travel the 
same distance and the dose xvill be equalized ox'er the entire surface. 
It is difiicult to estimate the exact amount of flexion required, and if 
this feature is correctly estimated it is extremely unlikely that the 
hands will remain in a fixed position during the exposure. If there is 
too much flexion the finger tips xxlll receive too much radiation 

Pirie has dexnsed an ingenious apparatus for this purpose. It con- 
sists of a sheet of heavy’^ celluloid shaped like a half bowl. The backs 
of the hands are placed on the operating table xvith the palms and 
fingers of both hands in contact xvith the convex surface of the bowl 
The shape of the apparatus is based on the laxx^: intensity’^ varies in- 
versely* as the square of the distance or direct^ as the sine of the angle 
of incidence. The anode is placed directly^ ov^er the center of the bowl. 
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\s *1 genenl thin? it i» prefenble to trent eidi liand ‘'ep 1 ^'ltel^ 
Feet — Hx-pendro is of the feet miN be confined to the <5oles or it 
roa\ m\ oh e the lateral and e\ en the dorsal surfaces It is not a simple 

matter to equalize the do-'C o'er the«e une'cn con'cx and rather 
e^tensi'e surfaces 

The soles can be irradiated b' hanng the patient he face down on 
the table The dorsal surfaces of the feet rest on the table 4 sand- 
bag placed under the ankles will add to the patient s comfort A. still 
better plan is to place the dorsal surfaces of the feet on an inclined 
plane Both feet are held do e together The tube is placed <50 that 
the direct ra\s are perpendicular to the plane of the surf ice to be lira 
diated the target being dirccth o\er the center of this surface 
This does not gi'e equal quantit' o\er the entire surface, but it 
answers practical requirements in most instances If the feet are 
large it ma\ be nece''sar\ to treat fir;t one-half of the plantar surface 
and then the other half, care being taken not to exp 0 ‘'e an' part of the 
surface twacc 

If It IS necessar' to expose the lateral and anterior aspects of the 
feet as well as the soles, the following procedure ma' be adopted 
After treating the soles the foot is placed so that its outer surface rests 
on the table The target is plateil o\er the tubercle of the na'icular 
bone The foot is then illowcd to rest on its external surface and 
the target is placed o'er tlic articulation between the scaphoid and 
interna! cuneiform bones Each of tliese exposures is to be at right 
angles to that for the soles, and each foot is to be separatel' treated 
protection is neces'arx The oblique ra's from all the exposures 
are allowed to o'erlap i he ankles and legs of course should not be 
included in the field of radiation It is ciistomar' to reduce the dose 
from 75 r to about 3b r because of o' erlappmg 
Filtration —There is no objection to filtration, but we ha'e failed 
to note anj therapeutic ad' antage when emplojing filtered radiation 
To gi\e arguments for and against filtration will be but to repeat 
what has been said in other parts of this work 
Radimn — We ha'e not emplo'ed radium m the treatment of 
h'’pendro«!is becau<ie ara's are more smtable for the rather extensi'e 
surfaces that are usualh inaoUed No hterar' references ha'e been 
located L nquestionabh gamma or ‘hard beta ra's will pro'e as 
efficacious as are the x ra's in this condition 


BROMIDROSIS 

Bromidrosis ma' be genera! or regional It is most often regional 
the sites of predilection being the axilH and feet It is usuallN associ- 
ated wath hj’pendrosis Regional bromidrosis can usuallj be rehe'ed 
and at times entirelj cured bj irradiation The technic is the same 
as outlined for hj’pendrosis Lieberthal cured a case of bromidrosis 
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in 1910. Orm^y, Tusey, Sutton and many other dermatologists 
and roentgenologists have found a:-rays of service in this unpleasant 
condition. 

CHROMIDEOSIS. 

We treated one case of this disease with unfiltered x-rays. The 
involved area was about the size of a silver dollar, bluish in color 
and situated on the right side ol the lace of a young adult brunette. 
The area seemed to be slightly edematous or soggy. The sweat from 
this area was blue. The treatment consisted of 75 r each week There 
was little if any improvement after eight treatments. 

GRANULOSIS RUBRA NASI. 

There has been no personal experience with a:-rays or radium in the 
treatment of this disease. Pusey, Sutton and others suggest the use 
of these agents Bi andle found the a;-rays efficacious Winfield 
noted improvement with 2:-rays in one case 

HYDROCYSTOMA. 

Max Joseph and Conrad Siebert cured a case of hydrocystoma 
tuberosum multiplex with a;-rays. "We have cured several cases 
In two instances the lesion returned in a few months. The end result 
in the others is unknown. In one case there was no improvement 
after three suberythema applications of unfiltered .-r-rays to one lesion. 

CHEILITIS. 

Cheilitis Glandularis. — Zeisler and Sutton noted substantial improve- 
ment in cases ol cheilitis glandularis treated with x-rays. 

Cheilitis EJxfoliativa.— Hyde, Gilchrist, Kavitch, Howard Fox, 
Morris, Ormsby, Sutton and others have cured cases of cheilitis exfolia- 
tiva with a;-rays. W^e have treated several cases with x-rays In 
each instance a single suber^^thema dose effected a prompt clinical 
cure. As lar as IS known tlicie weie no recurrences Sutton cured one 
case with one application of radium. 

It should be remembered that the mucous membrane of the lip is 
more sensitive to irradiation than is the skin of the face; therefore the 
dose should not be large. If a cure by a single treatment is attempted 
the dose should not be over 225 r, unfiltered. Weekly treatments of 
75 r will undoubtedly give the same results. It is well to keep in mind 
that many cases of cheilitis are examples of dermatitis venenata. 

POMPHOLYX. 

Pompholj^x (dysidrosis; cheiro-pompholyx) is a disease that is often 
confused with dermatophytosis, dermatophytid and dermatitis 
venenata. In fact it is possible that pompholyx and dermatophytosis 
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are the same Tor this reason one must be careful in gu mg e\ idence 
for or against the cfficac\ of irradiation m the treatment of this condi- 
tion— m other words, it is necessarj to be rtasonabh certain of the 
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diagnosis Another diflicultj is that pomphohx is a scH-limited dis 
ease which ma\ endure for a few da\s weeks or months Yearly 
recurrences are common 

We have a re^.ord of 20 cases of pompholjx that were treated with 
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CHAPTI H \\\ni 
inPERTRICHOSIS 

Historical —To Preund should be gi\en the credit of being the first 
to reino\e superfluous hair with ^-rv^s He depilated a ne\us pilosus 
b> this means In fact this u as the first case of an> disease or condition 
to be treated uith a;-raas— tlu lej^inning of roentgen therapy Later, 
Freund, together uith Schiff, rcportc<l a senes of cases of Inpertn- 
chosis of the face u hich the\ had euted ith this nev. treatment This 
report uas follow ed b\ similar ones h\ Benedikt, Walsh, Ehrmann 
Ilolzhnecht Kienhock Isoirt, Bordier and, in fact, b\ nearh all the 
earl\ roentgenologists In this countri Pusei w as the pioneer with 
Zeisler and Allen as close seconds 

The earh workers were enthusiastic o'er the results obtained, but 
\en soon it was discoiercd that a large percentage of the cases de\ el- 
oped ar-raa sequeloj— atrophi, telangiectasia, scarring and keratoses 
In the beginning, roentgenologists while desiring to aaoid a third- 
degree radiodermatitis did not hesitate to ei oke an eri thema or ea en 
a second degree reaction In fact, the aer\ first case treated resulted 
m a severe radiodermatitis Later, when it was found that even a 
mild radiodermatitis might leave disfiguring sequeH and that it was 
difficult to avoid these mild reactions, enthuMasm waned 

Then came radiometric methods of measurement and improved 
technic Again tlie worl was undertalen with enthusiasm but this 
tune with caution The literature of the time is voluminous with 
reports of the evrelltnt results ol tamed Howe' er optimism did not 
endure Even with the most accurate technic bad results were com- 
mon It was soon ascertained that it was impossible to remove per- 
manentlj superfluous hair from the face without the risk of at least 
\ isibie WTinkhng 

From 1904 until 1925, and even later there was a controversv as to 
the propnetj of treating superfluous hair with either a:-ravs or radium 
At first, half the dermatologists favored the method while the other 
half condemned it The same was true of roentgenologists Also 
there were a number of dermatologists who changed their minds from 
time to time For instance, Albert Gejser was at first an advocate 
of this method Later he condemned it irrcvocablv Later still, he 
organized the tncho institute’ which, fortunately was compelled 
to cease functioning ten or fifteen years ago Me still ':ee manv cases 
of severe chronic radiodermatitis and cancer caused by treatment 
given at the ‘tncho institute ” Anotlier New York physician first 
fav ored and used a:-ray s for this purpose After a number of untow ard 
results he published a condemnatory article Subsequently, because 

( 451 ) 
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of improved teciinic and encouraging iiterarj' reports, he again under- 
took the vork. The result vas disastroas— cases of chronic radio- 
dermatitis and legal ac-tions decided in favor of the plaintiff. 

Present Day Opinion.— It is nov the conseasus of dermatologists 
and roentgenologists that superfluous hair can not be permanently 
remo^'ed with radiation of any kind, regardless of technic, without 
permanent injury to the skin. In fact this opinion is unanimous. 
Permanent injure* means chronic radiodermatitis {x~Tax skin or radium 
skin). A few IucIjj” persons may never develop sequels. Some may 
have no more than a little atrophy (wrinkling), hlany will develop 
more or less, usually more, telangiectasia in a year or two; and many 
will, after five or ten years, show telangiectasia, atrophy, sclerosis, 
pigmentation, depigmentation, and keratoses. And 25 or 30 per cent 
of these individuals will eventually have epithelioma of the prickle- 
cell (malignant) type. 

It is therefore the consensus of modem professional men and scien- 
tists that radiation of any kind is contraindicated for the treatment 


of hj'pertrichosis unless the situation is esceptional. 

The reader may well ask what may constitute the exception. Pos- 
sibly there should be no exception. Nevertheless, there is an occa- 
-ional person, usually a female, rarely a male, who is unable to accept 
the afiiic'rion philosophically. She will become psychopathic or have 
a permanent nen'ou'? collapse unless something is done. Some such 
patients may obtain a satbfaetory result with electrolysis or with the 
more modern elec-trocoagulation. some can not. Others may be con- 
trolled by a ps;v'chiatrist Piarely it may be advisable to use ar-rays, 
but only after a consultation with the family medical adviser, another 
dermatologist and a psychiatrist. It is for this possible exception that 
we consume space for the technic. 

Some cases of h^cpertrichosis. either because of extensiveness or 
because the hair is of the lanugo t;i*pe, can not be overcome by an}' 
method known at present. Patients ascertain that such hair can be 
permanently removed with .r-rays. Tbey desire the treatment, they 
are willing to accept any risk, so they say and believe at the moment, 
and they may make a desperate, pathetic and seemingly logical appeal 
for the treatment. The physician should be understanding and 
=:}mpatheTic, but he should be guided by knowledge and advice, not 


by the pleas of the patient. 

Besults Obtamable with X-rays. — It may interest the reader to knov 
just what can be accomplished with modem technic. A combination 
of modern technic and skilled operator reduces the danger^ of a third- 
or even a second-degree acute radiodermatitis to a minimum. An 
amount of radiation sufficient to efiect a defluvium of face ham, 
unSltered. filtered, single epilator}* dose or fractionated treatment, 
will vem* often evoke eiythema of the face. In fact, er}thema^sualJ} 
occurs. A certain percentage of first-degree reactions is followed by 
telangiectasia, possibly to the extent of 10 per cent. Also, a certain 
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percent-ige is follow ed b\ atropM Tins percentnge is not know n It 
mav be in the neighborhood of 75 per cent It is possible to a\ oid 
e\ en a mild first-degree reaction but not w ith certaint) 

But let us assume for the sake of argument that an er\thema can 
be a^ oided ^^^lat w ill be the result? In order to remo\ e hair perma- 
nentb from the face it is ncccssara to cause complete destruction of 
the hair bulbs and papill'e Regardless of the method of application 
when an amount of radiation sufficient to effect permanent atropln 
of these parts has been administered, there is bound to be more or less 
atropln of elastic tissue collagen etc ^^^lethe^ the atroph\ of the 
denna will be sufficient to effect aisible WTinkling is impossible to 
sa^ until a jear or two after the last treatment The amount of such 
atropln depends both upon the amount of radiation and upon idio- 
s\ncras\ The Msiblc wrinkling depends partl\ upon personal peculi- 
arities For instince, a coarse skin will tolerate a greater amount of 
radiation without atrophj and a greater amount of atrophj without 
Msible CMdence of such atroph> than will a fine-textured, fair skin 
Wrinkling ma\ not be manifest until the patient is thinner, older or 
both 

Various phjsicians ha\e different ideas of good results and so do 
patients The atrophy mentioned abo\e is not noticed in the axillT} 
and on xanous parts of the bod\, and it max not be noticed on the 
face when m repose But when expressing the emotions, exen when 
talking, the ex idence of atrophx max become xerx noticeable, especnllx 
around the mouth It is this t^-pe of atrophx that is difficult to ax old 
One cannot insure against tins sequela regardless of the tecbiuc Of 
greater importance is the possibihtj, even the probabihtj, of sex ere 
chronic radiodermatitis from fixe to fifteen xcirs after the treatment 
A quantitj of ar raxs or gamma rajs sufficient to prextnt the growth 
of all hair pennanentlj especially that of the downx tx’pe, is almost 
certain to lead to such sequela We hax e seen some hair grow mg m 
j-raj skin subsequent to a second-degree acute radiodermatitis 

Medicolegal Aspects — iSIanj phjsicians behexethatif thej explain 
the risks of ar-rajs and radium for the treatment of hjpertnchosis of the 
face to the patient and the latter understands and accepts the risk, the 
phxsician cannot be held responsible for had results This is not true 
There is nothing that can prexent the institution of a suit for mal 
practice if the patient desires to bring such suit \ ot ex en a signed 
witnessed and sworn statement in which the patient states that she 
or he appreciates and accepts the risk can prex ent the suit, although 
such statement maj have afaxorable influence upon the jurj 

The xerdict rests almost entirclx upon the question of negligence, 
at times on implied or expressed contract The burden of proof is 
on the plaintiff (patient) The patient must prox e that the defendant 
(phx sician) failed to emplo-\ the skill, judgment, care technic etc , 
as used under like circumstances bx the ax erage specialist m the same 
line m the same communitx and epoch The fact that the nlaintiff 
29 
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understood and assumed the risk does not negative negligenee on the 
part of the defendant. If the defending physician used a method of 
treatment that has been and is advocated by specialists in good stand- 
ing, and his judgment and technic were in accordance with the required 
standards of his profession, % e., absence of negligence, then he is 
immune insofar as damages arc concerned. 

The majority of dermatologists and roentgenologists are either 
opposed to the treatment of hypertrichosis with .r-rays or radium 
or they reserve such treatment for exceptional cases 

Hypertrichosis patients are exceedingly friendly when seeking relief, 
and are ready to “grasp at a straw,” but many of them become exceed- 
ingly bitter and revengeful if tliey develop .r-ray sequelae. Z-ray 
treatment appeals to the patient because there is no temporary dis- 
figurement, no pain nor discomfort, because there is economy of time 
and particularly because the effect is permanent. The method is so 
attractive and the appeal is so great that tlie patient is likely to belittle 
the statements made relative to the danger of x-ray sequelae. They 
fail to \nsualize the result At this time they are perfectly willing, 
they say, to have a little wrinkling substituted for the repulsive hair. 
But a year or two later, long after the hair has disappeared, and 
wrinlcling has occurred, they realize they have a defect that cannot 
even be hidden. They forget their original appearance and anguish, 
they feel that they were deceived and they seek revenge; and often 
the case is within the legal statute of limitation. 

The physician must be exceedingly careful not to allow the pleadings 
of a patient before or during treatment to interfere with his judgment. 
Furthermore, if he undertakes the treatment he should be absolutely 
certain tliat the patient is made to realize the possible end results He 
should never take it for granted that the patient is a “good sport” and 
will overlook an accident or unavoidable sequels. Finally, tlie physi- 
cian should understand tlioroughly that, while absence of proof of 
negligence will make it difficult if not impossible for the patient to 
collect damages, there is nothing that can prevent the institution 
of a malpractice suit. For further medicolegal details the reader is 
referred to the medicolegal chapter. 

Technic (X-rays).— It is difficult, almost impossible, with filtered or 
unfiJtered radiation, to effect a complete or even a partial defluvium 
of face hair with one treatment without causing an erythema An 
erythema (mild finst-degree reaction) must, of course, be avoided if 
possible. As a rule, it requires more radiation to depilate face hair 
than is required for defluvium of scalp hair. The unflltered child’s 
scalp epilating dose (300 r) will effect defluvium of scalp hair without 
effecting a skin reaction, but this amount of radiation applied to the 
face provokes a reaction. 

After depilation, unless the treatment is continued, the hair will 
return in from one to three months It is eustomary, therefore, to 
repeat the treatment about every six weeks with smaller doses (150 to 
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225 r) for a total of from four to si^ treatments Such treatment will 
usuallj suffice for total and permanent destruction of the Inir follicles 
B> appliing 75 r unfiltered once a week the hair ma^ e\entuallj 
fall out and not return This will require in the neighborhood of eight 
months to a ^ea^ or more There will be no reaction but, of course 
there is a erj likelj to be atropha 1 his technic is Inrdh e^ er emploa ed 
for this purpose 

A better method, perhaps is to administer 75r iinfiltered ea erj three 
four or fi^e dais, until the hair falU After the hair is out it is often 
necessan to gi\c c\er\ fiic or se\cn d^^s 75 r unfiltered for from sin 
to eight months or ei en a a ear in order to pre\ ent a return of hair 
Face —The a:-rais ma\ be applied to the face b\ the four-exposure 
method as described ba Kicnbock A detailed description of this 
method will be found under the licadmg of Tinea BarbT 
Axilla: —The method of applying a--ra\s to the axill'e will be found 
under the heading of HiTjendrosis 

Trunk —It IS a difficult matter to obtain uniform dosage over e\ten- 
sne and irregular surfaces lie ha\e treated men who had a len 
hea\w growth of coar'sc black hair scattered oxer the chest shoulders 
arms and upper back In such instances multiple eaposures ire made 
as follows The tube is centered over the anterior a\iUar> fold of first 
one side and then the other side on about a lex el with the nipple, the 
two treatments must be at least 12 inches apart the oblique ravs are 
allowed to oxerlap upon the chest The same procedure is followed 
for the upper back Fmallj, an exposure is made to the external 
aspect of each arm near tlie shoulder the incidence being at right 
angles to the exposures for the chest and back All non-hairx parts 
are adequatelx protected with lead foil or other suitable material 
Extremtiies —As a rule the growth of hair is limited to the extensor 
and lateral aspects of tlie forearms and, perhaps the backsof the hands 
To equalize the dose oxer such a large and conxex surface requires six 
exposures for each forearm II ith the palm of the hand resting on the 
table tlie auwle is centered first oxer the elbow and then oxer the back 
of the hand The distance between the two positions should be about 
12 inches The same procedure is then followed for each lateral surface 
proxiding of course that the hx-pertrichosis inxolxes these surfaces 
Onlv the non-lnirx parts are protected A similar metliod is u^^ed for 
the legs 

Danger Signs —At each xjsit the skin should be carefullx tested for 
ex idence of a reaction— ex en for premonitory sx mptoms of a reaction 
Skin that IS nearlx ready to show xisible signs of mild radiodermatitis 
IS usually irritable It will flush readilv exen upon change of posture 
or slight pressure It reddens quicklx under tlie influence of heat or 
even under emotional excitement It is irritable when exposed to 
wind or sunlight A xery good wax to determine whether or not one 
IS close to the danger point is to note the ery thema produced bx slap- 
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ping or by the application of a folded towel wet with hot water, as 
compared with the effect produced on neighboring unexposed skin. 

At the slightest evidence of reaction, or even in the presence of 
premonitory sjnnptoms, the exposures should be discontinued tempo- 
rarily 

The patient should be cautioned against doing anything that might 
increase the effect of the a-rays, such as exposure to the sun and wind, 
application of stimulating and irritating topical remedies, etc. 

Filtration.— The possible advantages of moderately filtered radiation 
(.3 mm Al) are as follows: 

1. There may be a little greater latitude between the amount 
necessary to effect a defluvium and the amount necessary to provoke 
an erythema 

2. There is a smaller proportionate absorption of radiation in the 
tissue between the surface of the epidermis and the hair papillie, 

3. Telangiectasia may be a little less common after reactions from 
filtered treatment than after unffltered treatment 

These points are discussed in detail in the Chapter on General Ther- 
apeutic Considerations and need not be repeatefl here It is well to 
emphasize, however, that it is necessai y to desti oy the hair papilke com- 
pletely and permanently As stated before in this chaptei, when an 
amount of radiation, even filtered radiation, sufficient to destro 3 ’ 
the follicles has been administered, there will be at least some atroph.v, 
and there is about the same probabilit.y of .severe late sequekc as wdth 
unfiltered radiation AVe have tried both filtered and unfiltered ar-raj's 
and w'e have observed little difference The terrible endresults of 
treatment at the “tricho institute” (filteied radiation) confirms our 
experience and opinion 

High voltage ar-raj's (several hundred or a thousand kilovolts) 
filtered through copper or zinc, in quantities sufficient to effect 
defluvium of hair in glabrous skin, cause a reaction called epidermitis 
or epithehtis wffiich has been thought to be harmless However, we 
have seen the same clinical and histopathologic changes after such 
treatment as those following unfiltered and lightl}’ filtered radiation. 
Also, there is the danger of serious injury to deeper tissues and organs 
(see chapters on Clinical and Histopathologic Radiodermatitis) 

Eadium.— In a general sense, wffiat has been written in tliis chaptei 
relative to the use of ai-raj's in the treatment of h^qiertrichosis applies 
to radium. 
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CHAPTER XXXIV. 


DISEASES OF THE HEMATOPOIETIC SYSTEM. 

The diseases that will be discussed in this chapter are: 

1. Granuloma Fungoides. 3. Lymphadenosis Cutis 

2. Leukemia Cutis. 4 Hodgkin’s Disease. 

GRANULOMA FUNGOIDES (MYCOSIS FUNGOIDES). 

Scholtz (Germany, 1902) was the first to employ .r-rays for the 
treatment of mycosis fungoides Belot (France), Jamieson (England), 
and Allen (United States), were tlie first to use a;-rays for this purpose 
in their respective countries 

These initial records were followed immediately by reports by 
Walker and Brooks, Stainer, Riehl, Marsh, Hyde, Montgomery and 
Ormsby, Carrier and Pusey. Since these early reports the literature 
has become voluminous. 

Clmical Features.— A controversy exists with respect to granuloma 
fungoides, not only in its clinical but also m its histopathologic features 
Some dermatologists of experience and repute often show a tendency 
to include under the entity known as granuloma fungoides certain 
generalized and universal erythrodermas sometimes associated with 
lichemfication not accompanied by any characteristic blood change, 
and probablj'^ related to the so-called “aleukemic” leukemides, to 
pitjTiasis rubra of Hebra, or to dermatitis exfoliativa These general- 
ized erythrodermas certainly do not respond to roentgen therapy, as 
does granuloma fungoides As a rule, the hchenification, if it exists, 
will subside under roentgen therapy, but complete retrogression, as 
occurs so frequently in granuloma fungoides, is the exception rather 
than the lule 

The roentgenologist should be acquainted with the behavior of 
granuloma fungoides when irradiated and when not irradiated The 
reader is advised to study the disease in any standard textbook on 
dermatology. Onl 3 ’^ the essential features vull be mentioned here. 

The disease begins usually with an eruption that maj'^ resemble 
eczema, psoriasis, parapsoriasis, neurodermatitis, sarcoma, leprosy, 
lymphoblastomas and certain drug eruptions. This is the prefungoid 
stage. The eruption is almost alwaj’^s pruritic, the itching, as a rule, 
being intense. The individual lesions consist of dusky-red, 
patches of various sizes During the evolution of the eruption, old 

* In the last edition, this chapter was revised by Dr Fred Wise Some of the material 
added by Dr. Wise has been retained in this edition 
( 458 ) 
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lesions m'i\ undergo spontaneous imolution and there ni'i\ be periods 
of quiescence More commonK neu lesions continue to appear until 
tlie emption is generalized The prefimgoid stage ma' be of several 
\ ears’ duration it ma^ endure for onU a few ueeks or montlis, or it 
ma\ be entireU absent In tlie last instance tlie disease begins \s ith 
infiltrated plaques nodules or tumors 

The fungoid stage is represented b^ nodules and tumors tint range 
m size from a pea to a cocoanut Tlie lesions mai be firm, smootli 
tumors or the\ mii ulcerate and form large fungating masses The 
Kmphatic glands enlarge tlie patient becomes cacliectic and death 
follows from septicemia toxemia, exliaustion or death ma\ be due 



Fig 197 —Granuloma funeoulcs (prefun 
goi 1 stase) Iwfore treatment 



to Msceral imohement Tumon> occasionalh regress spoiitaneoiisK 
either b^ suppuration or b\ resolution and absorption but new lesions 
continue to de\elop 

The prognosis is practicalK hopeless excepting as to prolongation 
of life thcrap\ The patient ma\ li\e from a few months to twent\ 
\ ears the a\ erage being from tw o to four j ears 

\fter the deielopment of tumors, the patient usualh succumbs in 
a few months or at most m two or three \ears There ha\e been 
but 3 cases of permanent cure on record One cure follow ed an attack 
of ensipelas 2 otliers followed tlie administration of ar-^emc (Bazin 
Kobner, Geber) ’ 



4bO DISEASES OF THE HEMATOPOIETIC SYSTEM 

Effect of X-rays and Radium on Prognosis.— We have failed to find a 
single report of a permanent cure of granuloma fungoides with rr-rays 
or radium. The early litcratuie contains a number of reports of 
clinical cures without recurrence for a year or two Sequeira (1914) 
m an excellent article on granuloma fungoides in which he reviewed 
the literature, failed to find a single ease of the disease that had been 
permanently cuied with .r-rays The discussion following the paper 



'’iG 199 —Granuloma fungoides (prefun- Fig 200 —.Same patient shown in Fig 199, after 
gold stage) before treatment. generalized roentgenization 

vms brilliant All the speakers (Pringle, Malcolm Morris, McDonagh, 
Galloway, Stowers, Abrahams, Whitfield, Pernet, Graham Little, 
MacLeod and Doie) weie of the opinion that .a-rays could not be 
depended upon to eradicate the disease permanently, although they 
might do so raiely ^^Tiitfield reported one case where there had 
been no recurrence for five j'^ears and Sequeira told of a patient who 
had been free of clinical evidence of the disease for four years. Bisserie 
obtained 5 “cures” out of 6 cases; m 1 case there Avas a recurrence, 
the period of observation Avas fifteen months 
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A revi<sv,- of teztrjook:: and artjde^ daov, ~ that it h> the consemas of 
dermatologists that ;r-rayt> aod radiom are superior to any other 
hno'vo therapeutic agent or combination of such agent:, for the treat- 
ment of granuloma fungoidc:. Patient: may be kept alive and in 
comfort for years. .Such patient:, ho'.vever. eventually succumb to 
the disease if they has e not died of some intercurrent disease in the 
meantime. 

SSect on Sjmptomatology- — The efiecl of irradiation on the cutaneous 
legions of granuloma fungoides 1-. often spectacular. It is po:sible 
Tut not advirablej to cause complete involution of the largest tumor: 
or most entensive plaques vith one treatment. Patients svho are 
literally covered 'vitli le;ions, svho are :uh‘ering inten'^dy from pain 
and itching. v>ho are in oxeedingly poor ge.neral health, and v.'ho have 
iahed to obtain relief vith other rernedie:. can. in the majority -of 
nstance:. be clinically cured by the proper uvr of r-rays, V\hzt a 
pity that the relief i: not permanenti iVe have treated cases of 
granuloma fungolde: vith r-ray: and radium, iihe follov.ing descrip- 
tion of the acaion of the:e agent: on thi: diy^ase i= based on penonal 
ermerience. 

To determine the enact value of irradiation in the treatment of 
granuloma fungoides i: not an ea:y matter. 'I'he result ysem: to 
depend partly upon technic and judgment and partly upon the disease 
it:elf. As v.e shall :ee later, there is evidence to :upport the opinion 
rhat the :ymptoms <jiii be made vory;. the di.ea:e can be made more 
malignant, c-omplication: can be effected and death can be l.a-tened 
by improper technic. Put hr-t let u- assu.me proper technic and 
confine om attention V) the behasior of differerit clinical types of Te 
di-'Case, 

Ca:es are encourjtered irr v.-hich therc-ray: ytm to l>e of little benefit. 
I\e-.v le-ions develop as fast or faster than the old one: disappear. In 


S. 




or months the treatment ceases to be beneheial, and the 
patient ytccmnbs. P'orturrately such ease: are in the minority. Even 
in they; mahgnant ease: irradiatiorr i: of talue iir temporarily le^yjning 
the itching. Iharehn rr-rat : have no effect vchatsoever, T ise treated 
3 patients having the dinuse. uniformly erythematous type oi pre- 
fungoid eruption, the so-called '‘homme rouge*" of the Ereneh autnors; 
he found this form to be entremely resistant to z-ras' therajjy, botn 
nltered and imhltered. We has'e had soroevrhat the same ezperience 
although one of our patients did improve considerably. 

It is rather a common phenomenon to obysrve patients nho do lairly 
"Cell ■'mder irradiation, but v.-ho are never entirely relieved. These 
patients, lilie the former type, usually have a generalized eruption, 
consisting of er.'tbe.matous patches, infiltrated plaques and, perhap:, 
tumor formation. Itching is greatly relieved and may be entneb 
arrested. The lesions regress 5n a fe'v 'veehs but ne'v lesions continue 
to appear. By more or less constant, carefully condueteu irradiation, 
these patients can be hept comfortable most of the time for seieral 
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\ears Sooner or later, nsnallj in irom tv*o to five vears, the treat- 
ment loses Its cfTect lesions dev elop even in locations that are 

being irradiated Both new and old lesion^ fail to be benefited, even 
itclimg IS no longer reliev ed After x rav s cease to be of serv ice these 
patients die as a rule in a few months 

There ii> a third group of cases the most common of all, m which 
the patients after a course of x rav treatment, remain asvmptomatic 
for varvinf, len>,ths of tune— from a few months to a vear or two 
The recurrences are readih amenable to irradiation and the patient*, 
remain comfortable for sevcril to manv vears Some jiaticnts require 
several courses of treatment each vear while others require onlv one 
or a few treatments each veir or everv two or three vears Sooner or 
later, however the di'case fiiK to vichl to the treatment and the 
patient sucdimb-. 



Tig 203 — Gf Xftulmn'vfOTjsoiOcB Vegc 
l itiiiE le ions on I ,ngue Ixifore treUment 


Fig 2<M — Samo patient shoTin in Fig 
203 after one suberj tliezna x ray treat 
ment 


We have had poor results with rravs in cases of “parapsoriasis 
that later proved to be mvcosis fungoides Conver'^eh results have 
been good m cases of “psoriasis that turned out to be mjcosis fun- 
goides 

I suallv It IS imjiossible to tletermine the prognosis the first time 
tlie patient is examined But after watching the effect of roentgeni 
/atum for a few weeks or inontlu, it heeoints possible to plate the case 
in one of the three groups outlined above and hence the prognosis mav 
be determined Generalized eruptions of either the prefungoid stage 
or the fungoid stage in apparentlv excec^mglj severe cases, will often 
clear up and the disease will remain under control for manv vears 
The same is often true even m cases when the fungoid stage is not 
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preceded by a prefungoid eruption Conversely , one meets with 
apparently’- mild cases that very soon become recalcitrant It is this 
last type, together with phenomena that will be described later, that 
has led many to believe that irradiation is the cause of the change from 
benign to malignant type As will be seen later, injudicious irradiation 
may effect this undesirable result, but the same thing is noted, not 
only when the technic is proper, but even when a-rays or radium are 
not used 

Illustrative Case IIeports. 

Case 1 —Mr J H D , aged sixty-one years Tlie disease first became 
manifest twenty-seven years ago For the first few years the eiuption resem- 
bled eczema Twenty-four years ago Howard Fox successfully treated the 
patient with x-rays for a generalized prefungoid eruption The eruption 
returned in a few months and again became generalized For a penod of 
two or three years tlie disease was held in abeyance with x-rays by Dr Fordyce. 
The patient then came under the care of Dr MacKee For several years there 
were no erythematous patches but a few nodules would develop two or tliree 
tunes a year These lesions disappeaied promptly when irradiated For ten 
years it was not necessaiy for the patient to receive x-ray treatment more 
than twice yearly and during one entire year there were no lesions At one 
time he developed a nodule that required intensive treatment Previously, 
everj’ lesion disappeared as a result of a few fractional treatments He died 
of pneumonia about ten yeais ago MacCormac and others have reported 
similar cases 

Case 2. — Miss A B., aged thiity-five j'eais. The patient developed a 
few nodules, the first evidence of hei tiouble, m 1915— mycosis fungoides 
d’embl(5e of the Fiench school The lesions disappeaied as a result of thiee 
fractional x-iay tieatments at weekly intervals. One year later theie was a 
lecurrence, the lesions disappcaiing piomptly when iriadiated There were 
no lesions m 1917 and 1918 In 1919 theie were two outbreaks, the first 
consisting of nodules and the second, eight months latei, consisting of two 
erythematous plaques and a few nodules, all of which resolved under a few 
fractional treatments The last attack lequired almost double the amount of 
treatment necessitated by the eailiei recuiience. The patient was last seen 
in August, 1920 

These two patients are the most favorable cases we have encountered 
Most patients require several courses of treatment each year 

Case 3 — Mis B A , aged tlurty-thiee yeais This patient had had an 
eiuption for two years befoie x-iay treatment was instituted When treat- 
ment was begun the eruption was geneiahzed and consisted of slightly infil- 
trated scaly and intensely pruiitic plaques Theie have nevei been any tumors 
01 nodules In spite of carefully administered x-raj’ tieatment the patient 
was not entirely free of lesions during a period of six years Most of the 
time the eruption was kept under control, the patient requiring weekly treat- 
ments for new lesions in circumscribed areas Occasionally the disease would 
remain quiescent for a month or two, but most of the time new lesions were 
constantly developing The best that could be done in this case was to keep 
the patient comfortable and almost free of lesions. 

The behavior of the disease under roentgenization as outlined in 
Case 3 is common. Such patients can be kept comfortable for periods 
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ranging from a few to manv years Case 4 represents a slightl\ 
different t>pe where the results are better 

C^SB 4— Mrs M M, aged fort> jcar? Duration of disea'ie before 
roentgenization one \eir The eruption was generalized and con«:L‘5te<l of 
prefungoid legions The eruption disappeared in a few weelvS under a: ra\ 
treatment and the patient remained asymptomatic for ai\ months, when there 
\\a« a rapid deielopmePt of new le&ions This patient was under observation 
for eight 3 e irs She hada recurrence once or twice a y ear the eruption alwa3 s 
disappeared promptl3 when irradiated 

Tlie next patient illustrates a common termination of even appar- 
entl3 f IV orable cases 

CvsB 5 — Mr G The historv of the eruption ami itss action when 
irradiated were similar to Ca<ic 4 At the end of four j ( ar& prefungoid lesions 
developed faster than thev could b«. made to disappear A few months later 
X ra3s cea«ed to prove efficicious the eruption became universal tumors and 
enlargement of Ivmplntic glands developed and the patient became cachectic 
and died 

The remaining case reports illustrate the more unfavorable tvpes 

Casi C— Mr- J \ C The prcfungoid atage had been pre ent for five 
V eari hen fir«t .ecu there was a gcncralucd, prcfungoid t} pc of eruption 
witii numerous tumors scattered over the bod3 Tlie tumors ranged m size 
from a pea to a walnut The patient had been given two or three x ray 
treatments each w eck o\ er a period of four months w ith consideiaUe improv e 
ment After four months of almost daib treatment tlie patient was free of 
skin manifestations but Iier general health was not verj good She returned 
in six months and stated that new lesions had been constant!} developing 
and that the} had not been influenced favorabl} b> x my treatment received 
m another cit} Careful!} administerwl treatment kept the patient comfort- 
able and fairl} free of k«ions for a few months then x ra} s ceased to hav e an} 
effect at all The patient died two months after cos ation of x ra} treatment 

Cvse 7— Mr G B , a Jewj&h wonun, agetl tlurtv-eight }ears exhibited 
I generalized eruption eonsisting of pruritic, infiltrated plaques and numerou>i 
p tmful tumors ranging in size from a pea to a hickor} nut The duration of 
the du ea«e w as throe }’ear5 during w hich time the patient had suffered sev erelv , 
espcciaU} With the itching \ ta\s had not been administered Under the 
influence of irradiation itching was temporarilv relieved and some of the lesions 
disappeared In le-s than i jear however inv cea cd to be of benefit 
and the patient died 

CAsr 8 — Air A C D Tim patient had had mild prefungoid svinptoms 
for an indefijiitc penod He had never received x ra} treatment Sudden!} 
there developed niimcrou , verv itch} plaques which wore scattered goneralh 
over the bodv The eruption di appeared under x ra} treatment Three 
months htcr th<. patient exhibited marl edlv enhrged nMllarv ingmiul and 
cervical gland and a few infiltrated plaque Both the adenitis and plaques 
regressed slovvl} under x rav treatment The patient was asimiptomatic for 
four months There w as then a return of the adenitis and skm m inifestations 
the eruption con isting of infiltrated plaques and tumors and nodules \ rvv s 
were no longer efficaciQU-. and the patient succumbed 
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Case 9. — The patient was a man 65 years of age He presented a tumor 
on the dorsal surface of the left hand the size of an orange. The duration was 
three months There had been no antecedent eruption The histopathologic 
changes were those of m 3 mosis fungoides (mj'-cosis d’embl6e). The lesion dis- 
appeared completelj’- in two months subsequent to a single suberj'thema dose 
of filtered x-ra.y’i Within three months other tumors developed which failed 
to jneld to irradiation and the patient died two 3 ’-ears after the onset of the 
disease. 

Cajse 10. — A man of 68 He presented a universal er 3 d;hroderma of three 
months’ duration The histopathologic changes were those of mycosis fung- 
oides (“homme rouge”) He improved somev hat as a result of hospitalization, 
general medical care and topical remedies Later, his skin improved 75 per 
cent as a result of cautious general bod 3 ' irradiation over a period of a month. 
Apparenth" as a result of the irradiation his hemogram became alarmingty ab- 
normal This was corrected b 3 ’^ blood transfusions and iron During the fol- 
lowing 3 "ear his condition remained unchanged. That vas a 3 "ear ago; ve 
have not heard from him smce. 

Possible Injurious Results of Irradiation.— In the earl.v literature there 
are manj" reports of injurious and even fatal results of x-ra}-- treat- 
ment. Sucli reports are now onl3' of historic interest because in those 
daj's dosage was heav3'. Those who are interested will find this early 
literature in detail in the last (third) edition of this book. .Suffice it to 
saj’ here that the lesions of mycosis fungoides are often exceedmgly 
amenable to irradiation, so much so that rapid involution and absorp- 
tion maj’ le.ad to systemic toxemia, toxic rasbes, septicemia and anaph}'- 
lactic or protein shock. We no longer hear of such complications 
because of modern knowledge, judgment and technic. Any patient 
who receives general bod\’^ irradiation, regardless of the disease or the 
technic, ma}* have an imdesirable drop in l3Tnphoc3'tes and other 
blood elements. 

Pascher and Kanee have investigated this subject recentl3c They 
give the results of their own research and a review of the literature 
Their conclusions are as follows: 

“Superficial roentgen raA’S, used in the treatment of generalized 
dermatoses, and administered three times a week to approxin:iatel3' 
one-quarter of the bodA' surface, are harmful to the hematopoietic tissues 
of radiosensitn’e indiA'iduals. 

“Such superficial radiation maA' be folloAA'ed b 3 ' leukopenia or bA' 
leukopenia and b3'pochromic anemia. RecoA'erA* maA" not be complete 
before four or fiA-e months 

“The quantitatiA'e changes in the hemogram due to superficial 
radiation are similar to those following deep radiation. 

“The combination of arsenotherapA- AA-ith roentgen therapA'^ rna}" 
produce leukopenia, or leukopenia and hA-pochromic anemia, similar 
to tbe changes produced vdtb roentgen raA's alone.” 

Teclmic (X-rays). — Sldn that is the site of a lesion of granuloma 
fungoides is likel3' “fo be more radiosensitiA'e than is the surrounding 
normal skin. Therefore, large doses are not necessar 3 '. "VSTen there 
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are only a few scattered lesions, weekU treatments usualh give 
excellent results As a rule, three or four doses of 75 r unfiltered will 
suffice to make an\ one lesion disappear 
This technic is idvised especialh at the beginning of treatment, 
in order to avoid the possibiliU of toaemia Later, if the eruption 
is stubborn and localized, larger doses may be tried However to 
insist on the continuation of a: nv treatment m cases that do not 
respond is poor policy 

Often it is necessarv to irradiate all or a greater part of the body 
surface For reasons given throughout this diapter it is advisable 
to begin with very small doses It is customary to diiide the bodv 
into from three to six areas, depending upon the distribution of the 
eruption, and expose each area once weekly, and not more than one 
or two areas on anv out. day The dose at first is 3S r, unfiltered 
After two or three weeks the dose mav he increased, if necessarv, to 
75 r 

It IS a good idea to make a differential wliite cell count about everv 
two weeks If there is a substantia! decrease of lymphocy tes or if there 
are anv signs of toxemia, irradiation should be discontmut d temporonlv 
If the eruption becomes unyielding a* ray treatment should be 
stopped and other methods tried After a few months’ rest it is 
possible that irradiation will again prove efficacious 
Lesions situated in the eyebrows or on the scalp mav be treated in 
the same w av as lesions on the glabrous skin, the only exception being 
that the dose is limited to a total of 225 r m one month When neces- 
sarv it is permissible to administer I irger doses to hairy regions regard 
less of the effect on the growth of hair 
Filtration —As a rule filtered radiation is not necessarv, except for 
large tumors because the lesions of granuloma fungoides yield readih 
to arraxs of anx quality ^^lth the exception of tumors, we have 
obtained exactly the same therapeutic results with both filtered and 
unfiltered radiation 

Radium ~Radiiim ma\ be advantageously for the treatment 
of lesions that are more or less inaccessible to x-riys— mouth, external 
auditory canal etc A1 o radium is suitable for circumscribed lesions 
on any part of the bodv Obviouslv,a: ravsaremoresuitableforexten- 
si\e surfaces 

If a lesion is not ven tliick, penetrating beta rays may be used, 
theverv “soft’ beta ray s being eliminated b\ a thm screen of aluminum 
(0 1 or 0 2 mm ) In the case of a tumor or a v ery thick patch only 
the gamma ravs should be employed Do'sage should of course 
approximate that for a;-rays 

LEUKEMIA CUTIS 

Hie cutaneous manifestations of tlie different forms of leukemia 
lymphogranulomitosis, and the so called 'aleukemic and “pseudo- 
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leukemic” lymphoblastomas, to whidi the name “leukoses” has 
recently been applied, yield in a more or less capricious and inconstant 
manner to a-ray therapy. However, experience has demonstrated 
that isolated plaques and tumor masses may be quite radiosensitive. 
The lesions may regress with the same rapidity as those of mycosis 
fungoides, but as a general rule recurrences take place very quickly. 
Hence all treatment must necessarily be only palliative. Despite 
this, all patients should receive whatever benefit may be derived from 
.r-ray therap3^ 

J W Jones and H S. Alden recently reported the case of a man, 
aged forty-five years, who for jmars sulTered with a form of generalized 
erythroderma of the lymphoblastoma type, accompanied by severe 
itching. The blood pictuie was normal. He leceived .r-ray treat- 
ment amounting to 75 r to the entire body each week for three months, 
followed bj'’ bi-veekly ultraviolet irradiations for six months, resulting 
m a complete disappearance of all symptoms. A few jmars ago. Wise 
presented a middle-aged Avoman before one of the dermatologic societies 
in New York, whose lymphatic leukemia was accompanied by an 
almost universal, dusky-ied alteiation in the skin, she complained of 
severe pruritus, the inflammation and itching vanished after only a 
few weekly doses of unfiltered .a-rays, but recurrence took place one 
month after cessation of irradiation and .r-ray therapy had to be 
repeated to control the itching and inflammation 

The treatment of the various cutaneous manifestations of leukoses 
(lymphatic, mj’elogenous and monocytic leukemia, pscudolcukemia, 
lymphosarcoma, Hodgkin’s disease and other leukoses) is necessarily 
only a relatively unimportant phase of therapy directed against the 
.systemic disease itself. The majority of patients with skin lesions 
who are subjected to the modern methods of fairly intensive (deep) 
radiotheiapy to combat the systemic symptoms (the entire reticulo- 
endothelial system) are freed of their superficial lesions in the course 
of such radiation therapy The term teleroentgen therapy has been 
given to this method 

We have treated a number of cases of generalized leukemia cutis 
with .T-rays Theie Avas some inAmlution of lesions and some relief of 
the itching. Practically, the treatment AA’as of very little A’^alue in 
these particular cases. In several patients AAuth circumscribed erup- 
tions thought to be due to leukemia the itching Avas arrested and the 
eruption disappeared 

As indicated aboA'c, manj’^ physicians advocate the irradiation of 
the bones, spleen, and regions of lAunphatie glands Avith filtered a--rays 
or gamma rays instead of or in addition to direct irradiation of the 
eruption in cases of myco.sis fungoides, Hodgkin’s disease of the skin 
and leukemia cutis For a complete literary revieAV of this subject 
the reader is referred to the last (third) edition of this book and also 
to the book edited by Pohle. 
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LYMPHADENOSIS CUnS 

Wise s ^^elI known case of lymphogranulomatosis cutis (Kmphaden- 
osis cutis unu ersalis, associated with generalized erjthroderma and 
atroph> of the skin) was benefited b\ ai-raj treatment thea:-ra\sha\- 
ing been administered b\ Remer in Dr Tord^^ce s Clinic Itching was 
rehe\ cd and infiltrated phques and bogg\ tumors disappeared Merlo 
and Amllaga and Chaoul and Lange report excellent results with 
filtered x ^a^ s in a large number of se^ ere cases 

HODGKIN’S DISEASE 

Hodgkin’s disease is of interest to the dermatologist and he is often 
called in consultation to ad\ise relatue to diagnosis and treatment 
Furthermore in rare instances there are cutaneous manifestations in 
addition to the enlarged Innphatic glands The literature dealing w ith 
X rai and radium treatment of Hodgkin’s di-'Casc is quite \oluminoiis 
and all authors agree that in tlie majorit\ of cases it is possible to 
effect a temporan clinical cure Recurrence is the rule but patients 
can be kept alue and in comfort for main \ears b^ the intelligent use 
of X ra^s or radium combined with proper general medical treatment 

\lderson reports a case of Hodgkins disease in wlncli there were 
two large ulcers (Hodgkin s disca^^e of tbc skin) which healed quicklj 
when irradiated 

Irradiation of the I\ mphatic glands demands filtered a-ra\ s or hea\ il\ 
screened radium 

RETICULO-ENDOTHELIAL DISEASES 

In recent jears studies directed toward the reticulo-endothelial 
SNstem have thrown light on the interrelationships between disease 
processes m this sjstem and the various forms of leukoses and Ijmpho- 
blastomas In 1936 J Frank Fraser and Hans J Schw artz reported 
the case of a woman aged tliirtv-six \ears, with necropsj findings 
of reticulo endothelial disease showing features of mvcosis fungoides 
Hodgkin's disease and reticuIar-cell Ivmphosarcoma the first sign 
being lesions of the skin with rapid coalescence and extension and 
involvement of the entire lymphatic sjstem Necropsj revealed 
reticulo-endothelial lymphosarcoma with (1) involvement of the skin 
of the groins lower part of the abdomen vulva, inner aspects of tbe 
thighs axiUie breasts and left side of tbe neck (2) involvement of 
the Ivmph nodes and mesenteric omental and retroperitoneal tissues, 
and (3) metastatic lesions of the pleura, trachea, bronchi, spleen, colon, 
stomach and kidnevs “There was convincing evidence that the 
neoplasm developed from the adventitial reticular cell of the terminal 
blood vessels of the sinuses of the mesenteric Ivmph nodes ” 

Although reports of radiation therapv in this tvpc of morbid process 
are meager it may reasonablv be assumed that sv stemic x-ra\ therapv 
30 



Fig 206 — Same patient slio\^n in Fir 205, aftef weekly filtered treatment 
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IS emplojed in the leukemias would prove at least to be palliatue in 
its effects on diseases accompanied bj evidences of mvohcment of 
the reticulo-endotliehal system It ma\ be said that the possible 
benefits of teleroentgen therapj should not be withheld in such cases 
since the progno'^is as to life is in most patients quite hopeless A-rav 
therapv should be giv en a trial in an eftort to reliev e sv mptoms and to 
prolong life A hterarv re\ lew of this subject w ill be found in the last 
edition (third) of this book Tlie reader is also referred to Pohle s 
book and other books dealing with the a'-rav trcitment of disea‘;es 
other than those of the skin 
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HE entltiei that t'lll be dlacusscd in this clnpter ire 

1 Lupus ^ulg ms 

2 Lupus Er\ thematosus 

3 Tuberculosis Orificialis 

4 Tuberculosis Verrucosa Cutis 

5 Scrofuloderma 

6 Tuberculous Adenitis 

7 Ervthemainduratum 

8 Sarcoid 


[ Papulonecrotic Tuberculid 

9 „ , til Rosacea like Tuberculid 

1 ubercuhcls Scrofulosorum 

[ Pernio 

10 Granuloma Annulare 


LUPUS VULGARIS 

^^lth the e\ceptioii of li\*pcrtrichosis and cancer, lupus \ulgans 
uas the first cutaneous disease to be treated with a: raAS Scliiff is 
reported to ha%e cured a case of tins disease as earh as 189(> The 
first men to treat this disease uerc In Germam and Austria, SchifT 
and Freund Hahn and AIbers45chonbcrg, m England Scholefield 
H-xU-Edv. ards and Startin m France, Belot Gaston, Bcclere, in the 
United States, Knov Puse\, Allen and Pfahler 

After these earlj reports the literature on the subject became % olum- 
mous At first it n as thought that a specific had been found for the 
disease A larger percentage of cases uere cured then than non, 
because the earU norkers did not hesitate to effect a sex ere radio- 
dermatitis m order to eradicate the disease Later n hen it n as found 
that the sequela? of radioderraatitis nere serious x-raj treatment was 
administered in a more consenatiae manner and the effect on the 
disease n as less spectacular 

Todaj there is a difference of opinion rehti\e to the efficact of 
roentgen thcrapx in lupus Milgaris This difference of opinion is 
occasioned parth bx a lack of appreciation of the effect of x-rais on 
different clinical teq^es of the disease 
There are a great manx adjectiaes used to describe the man\ \aria- 

( 473 ) 
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tioiib in the clinical appearance of lupus vulgaris For convenience 
we may combine these many clinical \anetics into the follo^^ing t^•pes. 



Fig 207. — Hypertrophic lupus Milunris before x-rix trontnicnt The sc^^ is the rc'-ull 

of the excision of n former lesion 



Fig 20S — Same patient shown in Fig 207, after one suberythema, nnfiltered ai-raj 
treatment No recurrence m twelve years 


1 . Atrophic tvpe 

2. Hypertiophic type 
3 I*lceiative t^"pe 

4. IMultiple disseminated tjTDe. 

5, Miscellaneous tj’pes. 
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Atrophic Lupus Vulgaris —In this type the skm becomes atrophic 
and the afTected area is studded with deep seated pinhead- to lentil- 
sized nodules of a ^ello\Msh brown color (apple-jelh nodules) The 
nodules ma\ project abo^e the nueau of the skin, but, as a rule the 
surface of the affected area is e\ en. although it ma> be scaK We ha\ e 
found the atrophic tjpe of lupus \ulgaris exceedingly unvielding to 
both ar-raj s and radium and, as a rule it is necessarj , m order to effect 
a cure, to support such treatment with tuberculin therapj or to destroy 
the indiN idual nodules b> electrosurgcrj 

In earh cases when the lesions ait small, and before sclerosis and 
(ihrosis ha^e occurred, or in instances where the nodules are larger 
anil marer the surface, the results of roentgen thcrap\ are better 
Ihe ^ounger tlie lesion the smillcr the lesion and the greater the 
ripidit\ of evolution the greater will be the eflcct of the i ra\ treat- 
ment Such eruptions ina\ disappear as \ result of tw o or three sub- 
cr\theiua treatments Older eruptions associated with atrophs and 
deep-'^cated nodules w ill as a rule, f iil to ^ leld to s ife dosage 



mueosi (Courtesy of Dr J T Schamliert ) 

Pig *>10 —Same pitient shown in Fig 209 after Jc ray treatment (Courtesv of Dr 
1 I Schambers 1 

Hypertrophic Lupus Vulgaris —Here the nodules are 1 irger (lentil 
to split pea size) pro cct il)o\c thesurf iceof the si in ind iiccoiltsccd 
Tile coalesced nodules and In perjdastic skin together form elexated 
firm hut not hard brownish red plaques and tumors of ^arlous sizes 
Small lesions of this Upc tin often be pennanentU cured witli one 
suberjtheraa treatment Larger and older lesions are more stubborn 
but as a rule this tjpe of lupus \ ulgaris j lelds more readilv than does 
the atrophic t\ pe of the disease, and recurrences are less common 
tJlceratwe Lupus Vulgans — Ulceration may occur in either the 
atropine or the hypertrophic ti-pe Ukers under x rai treatment, 



47 () I) I SEA SES S UP POSE DL Y DUE TO T UBERCLE BA CILL US 


usually heal much more rapidly than the neighboring nodules resolve. 
The results of roentgen therapy in ulcerative lupus vulgaris are often 
satisfactoiy, especiallj’’ ■when the disease involves the face and the 
nasal and buccal mucosae. Unfortunately recurrences are common. 
Duimg treatment the ulcers should be kept clean and free from crusts, 
and individual nodules destroyed by other methods of treatment 




Fig 212 — Same patient sho^^n m Fik 211, after two suberythema x-ray tieatments 
Numerous nodules still remain The case is now one of the atrophic type and for a 
good result other therapeutic methods must be used 


Multiple Disseminated Lupus Vulgaris.— The individual scattered 
nodules of this type have undergone rapid involution in the few cases 
treated by us. 
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Miscellaneous Types— 1 he serpiginous t>pe of lupus ^ulg'l^s is 
\er\ rebelhous if the noiUilc'. *\re smiU niul deepU einhechled If 
the nodules ‘ire lirger 'ind more superficial the disease is less stub- 
born If ulcerated the ulcers uill usualK heal under the influence 
of the x-rai s 

The earlj literature contains reports of good results obtained m 
lupus tumidus e ha\ e treated onU one example of this ti pe After 

se\ eral months of filtered treatment there uas definite improiement 


hut the patient ms not cured 



Fio 213 — Lupm ^•ulgans m'oUing ihe 
nasal mucosa before treatment It nas 
necessarj for the patient to breathe 
through the mouth 



Tie 214 —Same patient sboun in 
lU 213 after o\eral ubmten.i\e 
treatment The pinched condition of 
the no ei^the ta-pical re ult of lupus 


Comparative Value of Roentgen Treatment —Roentgen theripc has 
not replaced photothe^ap^ in point of efficacx The I msen treatment 
has giten better results than haae thus fir been obtained iMtli either 
X rais or radium Forchammenn a statistical report based on 1200 
unselected cases of lupus xulgans treated at the I in-;en Light Insti- 
tute between ISOG and 1900, giies the folloiMOg results of the treat- 
ment Cures, CO per cent under treatment IS per cent treatment 
discontinued, 11 per cent, dead, 11 per cent Of the total cured (721) 
33 had been free from recurrence for ten xears or more, 2&9 for from 
five to ten vears 300 for from tvio to five vears, and 03 for less than 
two 5 ears In a further studv tlie subjects arc divided into initial 
cases and mv eterate cases In the imtial cases 7t» per cent v\ ere cured, 
uhile m the inveterate cases 51 per cent uere cured fOrrasbv) The 
authors have not been able to obtain such good results vnth roentgen 
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therapy, nor have they encountered loentgen or ladium statistiCb tliat 
show results in unselected cases of lupus Milgaris that aie the equal 
to those quoted above. For \aiious reasons the Finsen tieatment 
has been found impiacticable in this countiy and substitute methods, 
such as the watei -cooled and air-cooled quaitz lainjis, ha\e, in most 
hands, proved disappointing. The Finsen tieatment not onl\ cures a 
high percentage of cases but it does so without pioducing injiirx or 
sequel iT 

Small lesions, suitably situated, can be excised Surgical methods, 
how^ever, aie necessarily limited to selected cases The same is tiue of 
tuberculin therapy, refrigeration, electi osuvgcry and other methods of 
tieatment 



Fig 215 Fig 216 

Fig 215 — Lupus vulgaiisclinic.illyrcseinlilmKlupus erytlieniatosus, Ueforo troiitnient 
Fig 216 — Same patient shown in Fig 215 aflci r-iay treatment Depigmentation 
IS due to the disease 


Combmed Treatment.— Irradiation ma}'^ be combined with photo- 
therapy, but it IS not ivise to apply reaction doses of ultraviolet rays 
and .T-rays or radium at the same time The two methods may 
alternate or one method may folloiv the other. We have tiied this 
scheme in obstinate cases, but the lesults have not been encouraging. 
The use of tuberculin, electrosurgeiy and diet have pi oved of distinct 
value ivhen combined with irradiation. It is of the utmost importance, 
in the ulcerative type to provide drainage and to keep the ulcers clean 
and free from ciusts A small amount of ultraviolet rays may be 
advantageously combined with irradiation in the treatment of open 
ulcers. Refrigeration and caustic and iriitatmg ointments are con- 
traindicated during irradiation. 
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Lupus Vulgans, X-rays and Cancer — Stumpke encountered 2 cases 
of lupus Milgaris tint had receded ar-raj treatment for nnn\ months 
Epithelioma de\ eloped in the scar tissue in both patients Stumpke 
calls attention to the fact that he Ins seen 150 cases of lupus \ulgans, 
and he ne\er noted epithelioma m ana case that had not rccened 
x-^a^ treatment The 2 patients nith tpithelioina also shoned a;-ra\ 
sequela? 



Fia 217 —Lupus vulc^ris cured willi x r'v>8 tlnrt) jears agf> Patient no« «howa 
epithelioma cie\olotimc m the lupus car (Dr Fred i»c 8 patient ) 

MacLeod reports i patient with lupus nilgari;. uho presented botli 
ar-ra\ sequel e and epithelioma Gaucher ami otlicrs ha\e seen similar 
casts "We ln^e seen 3 ta'^ts. whtrt epithelioma de%eloped in a scar 
that uas caused parth h\ the diseisc iml parth b\ a se\ere radio 
derm ititis 

It IS a v-ell kiioun fict th it epithelioma occurs as a sequel m lupus 
\ulgins that has not received ir-rav treatment Ihe epithelioma is 
usually of the prickle cell t\pe Ontibbj states that this sequela 
occurs m from 2 to 4 per cent of the cases Lieberthal Zeisler, Pusej , 
H\de and others ha\c seen epitliehoma decelop as a sequel to lupus 
vulgaris in patients who had not received 7-ra> treatment This 
subject Is discussed also in the chapter dealing with cancer and the 
precanceroses 

There is no proof that irradiation increases the natural tendenev 
of epithelioma to dev elop as a sequel to lupus vulgaris unless irradiation 
has been pushed to the point of producing the so-called x ra> skin 
\ ra\ sequela; are likel> to be the forerunners of cancer, whether such 
sequelae are or are not associated with lupus vulgaris Disregarding 
the cases of lupus vulgaris in which epithelioma develops m an ar-rav 
sequela, there is no evidence in the literature to show that epithelioma 
as a sequel to lupus vulgaris is more common today than before the 
adv ent of roentgen therapj 

Lupus vailgaris maj cause considerable disfigurement The usual 
sequela; are scars and atrophv It not infrequenth happens that 
irradiation is blamed for these sequela; 
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leBbmc. — It x-= ouj ‘ 2 Ap"rjer)ee tLat large monthly (suber^ tbeirja) 
•do'-'es are jjioie efneaeiout: m Iupu'5 vulgaris than are veeJdy ireat- 
'JlDe routine i^ to admlnl'tor about 22b j- unllJterefi, eve:;- 
lour veebj;- 7'be dose 'vll] A-ary 'Ajtb the location and -Ize of the 
aneeted area and tbe age of the patient, ij'he do->e •ajU range horn 
jbO r. In oblldrem to 2b0 or 27-5 r. In adults and aged Indh Idual-', 

Vbni^e tbe patient -.vlll recover moie qulebly If tbe ^lo^e Is sujnelent 
to eflect a sharp jeactlon. It U preferable to avoid e’-en 'Ilgbt jeaKlon^. 
in many cayss of lupu- Aojlgarli It U nofo-'Mry to continue tbe treat- 
ment over vsA'e»al montlj^ and If »:^eb trearn3ent. oj If ye'.ejal of tbe 
treatments re-ult In e'/en a jint-^leg;ee reaction, tbe ultnnaPs out- 
-^'orne may be scjIous .v-ray v^queLe. il'be aim should be. therefore, 
to admlnlner each montlo a^, much as tlje shin A’dll tolerate v.lthout 
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reacting. It Is dlfrleult to determine just bo'.v long such 
treatment may be eontlnuefJ AvjtJjout serious mjury. In ob;tlnate 
case; It seem; advb^ble to limit tbe number of monthly treatment'- 
to three ci iotu. ilne ;h'ln -bould be carefully In-jx^eted at each treat- 
ment :o: e'dden''e oi Injuru If an eruption has not dr;>appeared after 
tbb amount of tr%tment It 1- adA'1'.able to dr-eontlnue Irradiation and 
depend upon other methods of treatment. IN’ot Infrequently, after 
'several trearment; the eruption, '.vltb the exo-eptlorj of a fev. nodules. 
A-.dll dl;appea.u It b. un'vbe to depe.nd upon Irradiation to cau'se tbe 
Involution of these rernalnlrrg nodules. 'J'be;. can be qulddy de;tro;.'ed 
by oth'sr m'stbod- of treatment. 

bilrratlon 1- often Indhsated In tJrls disease. E;p'selally b this 
true '.vhen the dbea'-e In'robres tJre rnueosa of the nose, mouth and 
tJjro^at. In -uib In-tanees Avjtb filtered radiation, tire le-lons oi the 
rnueou- membrane'- may dbappear under the Infiuence of radiation 
applied to rhe cJtaneou; '^rrrptlon on the face. Pfahler and 've have 
reported ellnleal eures aeeompli-hed In this manner. \MieTher or not 
hltratlcn i- advl-a-blf:- In all cases of lupus sulgarls is an opm que-'lon 
It cannot be am-vered at the prc'-ent '.vrltlng. 

hc-sron- ci lupus A'ulgaris are oi various sizes and occur In many 
parts of the body. The method of handling lesions of diner ent ^e. 
shaj.>e and po;ltion s-dll be found in the Chapteron G^inoral Thera- 
peutie borrdderatlons. It is advisable not to 'Jrleld too close to the 
leslom as the dls'sa'^e 1 j llhely to extend beyond the sdsible margin. 

Samum. — A rede*.' of the ''.orb done by '\^ichham and JJegrals^ 
.trmpsom T^rveomet and otbers, together vrith personal experience, 
'-ho'vs that the r's;ults obtained Avlth ra.dlum in the treatment oi 
lupus A'ulgaris are about the ;ame as those associated srith the use 
oi the rr-raA"'- 'The be;t: result'- has-e follovoed con'-ervatlve irradiation 
combined svlth other methods oi treaxment- 

In some smalL 'superneial le'dons of lupus vulgaris the beta ra^v ; 
has'e se'smed more elreaeious than have either .'r-rays or gamma ra^'S- 
iLne '^tsoit beta ravs -hculd be eliminated b*' a screen of O.I mnu 
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aluminum Good results ha\e been reported '^ith grenz rajs and 
uith contact a:-n\ tubes 

Radium is especialK indicated when tlie lesions are situated in 
inaccessible locations— nasal and buccal cavities, throat and con- 
junctiv'e 

LUPUS ERYTHEMATOSUS 

SchifT and Freund Vicre probablv the first to treat lupus erythema- 
tosus v\itli tlie ar-ravs (1S9S) Their report was soon followed bj those 
of many roentgenologists and dermatologists— Startin Lee, Beclere 
Belot Hall-Edwards Pusey ami others 

At first the results were promising and were superior to those 
obtained today, that is the immediate results The early workers 
did not liesitate to produce severe reactions and the immediate tliera- 
peutic efTcct on the disease was often very striking Later when it 
was ascertained that the brilliant result was but temporary, and that 
undesirable sequela; often followed radiodcrniatitis, the treatment 
was applied more cautiously and the eflect on the disease was less 
spectacular 

A review of the literature for the last thirty years shows, that the 
ar-ravs have been used less and less m the treatment of the disease 
7ei'>ler Ilartzell hEontgoinerv, Winfield and inanv others, record 
good temporary results without the production of radiodermatitis 
lordvce Robinson Bronson and others reported cise'» that were 
made worse, or failed to improve or improved but little i>j a result 
of the treatment 

Value of Roentgen Therapy —I he consensus among derm itologiats 
today IS that roentgen therapy is of little value m the treatment 
of lupus erythematosus and if is seldom used Its value is cer- 
tainly less than that of refrigeration gold sodium thiosulphate bis- 
muth mapharsen and other methods Nev erthelesb, the r-ravs if 
properly used m well-selected cases will occasionally cause involution 
of lesions that hav e resisted other methods of treatment 

Types of Lupus Erythematosus —It is important for the roentgen 
ologist to know that lupus erv thematosiis occurs m two general types— 
discoid or chronic and disseminated or acute It is well to remember 
also that the course of tlie disease is very uncertain Discoid lesions 
are likely to persist for many years or they may undergo spontaneous 
involution only to recur subsequently The disseminate type often 
disappears spontaneously, or as a result of local applications, in a few 
weeks or months Rarely it persists and spreads and the patient dies 
of tuberculosis, more often of nephritis streptococcic infections and 
asthenia (Jadassohn, Baer and others) 

Technic -For the disseminate tv^pe especially when associated with 
acute inflammatory symptoms the treatment should be weekly with 
doses from 38 to 75 r unfiltered The discoid lesions ma\ be given 
suberythema doses once monthly for from one to three treatments 
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It is advisable to avoid even a first-degree reaction. A mild .r-ray 
reaction is likely to cause the disease to spread and may add to the 
atrophy and telangiectasia occasioned by the disease. It is well to 
remember that, while the .T-rays may cause involution of a lesion of 



Fio 21S — Ltipii'. cr\ (honi ilos>i« 


lupus er^) theinatobus, they e.xeit little if any effect on the future course 
of the disease For this reason it is not iustifiable to push the treat- 
ment to the point of visible cutaneous injuiy Furthermoie, it is not 
advisable to peisist m the loentgen ticatment of a stubborn lesion 
If the lesion does not disappear as a icsult of thiec oi four months of 



Fig 219 — S-vine patient shown in Fig 21S, .after radium treatment 


treatment, experience has shown that it will not be favorably influ- 
enced byj_a continuation of such treatment 

_ The nose is a favorite site for lesions of tliis disease. Details reli^ 
tive to the metliod of applying .r-rays to tlie nose and to convex and 
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concave surfaces, to Icsiotts of \irioiis sizes and slnpts to lesions on 
tlie ejeliils and oilier locations, etc, will be found in the Chapter on 
ncneral Jherapcutic Considerations 

There is a difTcreiuc of opinion relative to the advisahihtv of con- 
fininp the ndiition stnetlv to tlu lesion or of including a small irei 
of norma! skin iromid the li^ioii in the field of r uli ition ith doses 
sufiicicnt to cITcct a first-ilcpne re letiori the nnthors have seen per 
iphcral spreading of th( lesion when the ridiation has been confined to 
the hsion and also vvlun tin iionii il skin adjacent to the lesion lias 
been irradiated While a first depree reaction will often Inve a bene- 
ficial effect on dis(oid lisions the <on\er«e is also true Quantities 
tliat do not effect a reaction rarclv if ever make tiie lesion worse, 
althoiipli siicli treatment mav accomplish little if anv good Scalp 
lesions mav he treated vvitli a full epilating dose (300 r) I or details 
relative to the treatment of stalp lesions see cliapter on Psoriasis and 
chapter on i mea Capitis 

( ornparativc experiments with filtered and iinfiltered radiation have 
'leMed similar results Apparentiv there is nothing to be gamed bv 
filtration in the roentgen treatment of this disease 

Goeckerimn reports on 17 cases of discoid and disseminate lupus 
crvtlieniatosus m whicli he applied filtered x rajs to t)ie glancMieanng 
regions of tlie hodj In most of the ca«cs the result was encouraging 
W e tried this tre itnu nt on om p itient applv mg the radiation to the 
iiicilnstinil region front md biek After the «ceond subervthcma 
dose (iiioiithlv intervals) lupus developed in tlie areas irradiated 
W ise (v crlial) re ports i siiiiil ir rc suit vv ith one trv thenn dose of ultra- 
Molet ndi ition and Cocckonn in encountered a phenomenon of this 
kind With X rajs He heheves th it the good results are due to protein 
shock 

Sequelae —Lupus erv lliematosiis causes atrophv, wrinkling tel 
angiectasia md iierniancnt alopecia The picture at times is sugges- 
tive of x-rav seciucl i In cases that Invc received roentgen rav treat- 
ment It IS often iiniiossihlc to decide liow much of the disfigurement 
IS due to the disease and liow mm h is due to the treatment Ppithe- 
homa occurring in patches of lupus trvthematosus or in the atrophic 
skin following involution of lesions m cases tJiat liave not been irradi 
itcil liave liceii reported b\ Pringle Dver and others We have 
<ncountcr(d seven! such cists 

Combmed Treatment —When applv mg radiation to icute lunu 
ervthematosus it is advantageous also to applv such soothing remed ^ 
as zinc oxide ointment and calamine lotion In the chronic t 
when stimulating and caustic remedies (resorcin, lotio alba 1 
I)Otass.c etc) are indicated it is advisable not to combine tl 
of siicli rtmtdit'. with irndntion unless the x rav doce ^ 

Ultraviolet r US and espccnllv refrigeration, should small 

^ m treatment used during 
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In the past few years intravenous injections of gold and sodium 
thiosulphate and intiainuscular injections of bismuth have given such 
excellent results in cases of lupus erythematosus that other methods 
of treatment have been neglected 

Eadium.— The results obtained with the beta rays of radium are 
perhaps better than those obtained with eithei .r-rays or gamma rays. 

Wickham and Degrais, and Clark, with unfiltered beta radiation 
sufficient m amount to provoke a sharp reaction, have obtained good 
temporary lesults m the discoid t’^’pe. They advise sharp but not 
seveie leactions and also that the skin in the immediate neighborhood 
of the lesion be included in the ticatment. We advise against such 
treatment Simpson, Ivnox, Ncwcomet and others have testified to 
the fa^'orablc results sometimes obtained with ladium in lupus erythem- 
atosus 



Fig 220 —Tuberculosis oufici'ilis hcfoic 
treatment 


Fig 221 —Same iiaticnt shown m Fip 
220, after one intcnsne treatment .and one 
subuitcnsivc treatment with unfiltercd 
T-ravs 


As a result of coinpaiatn’c clinical expei imentation with .r-rays and 
ladmm m this disease, we think that radium is the better agent There 
is no appaient diffeiencc in the effect on the disease of r-rays and 
gamma raj'^s, but thei e is a difference with beta rays, especially those 
of “medium” quality The best lesiilts have been obtained with an 
applicator filtered with 0 1 mm aluminum Favoiable results ha^e 
been reported with gienz rays and with “soft” .r-rays administered 
with the tube in contact with the skin 

The effect on the disease is greatest when the dose is suffieient to 
produce a sharp reaction. A reaction resulting from “soft” beta 
even when severe, heals quickly and is less likely to be followed by 
telangiectasia, atrophy and keratoses than are leactions subsequent 
to applications of .r-rays or gamma rays However, such sequelm do 
occur, theiefore it is preferable to avoid reactions But regardless 
of technic, most cases of lupus erythematosus fail to impiove under 
radium treatment 
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TUBERCULOSIS ORIFICIALIS 

luberculosis of the orifices in‘i\ be pnrmrj, Imt it ib usinllj sec- 
ondiTj to lupus wil^-ATib or to tuberculosis of the lungs kidnevb, etc 
Both ndiiim and r-n\b nre of ^ 1 llIe in the treatment of tuberculoub 
ulcer itions of tlic imicobT AMien the mucous membrane iniohe- 
inent coiibtitutcs an extension from lupus \ uigaris of the skin these 
a},ents are often tfhcicioub Pnmari tuberculous ulcers of the con- 
jiinctu e, hucc il imicosi ghns |>tnis etc ina\ at times he cured nith 
either agent I leers of the tongue thro it penis and inal region 
secondara to tuhcreulosis of the intern il org ms irc more stubborn 
In generil ndium as to be preferred to r-ri\s m the treatment of 
tubereuloiis ulceis of the inueosa. piincipalh because the lesions arc 
niaccessihle torru treatment 


\ 


h 

k 


ri 

. \ 



\\ 


i' 

j 


‘ f ■* 


Fi 222 — \ <iniall I inii of tiiKiitil si Tio 2_3 — s-tme piticnt shown m Fig 
%crru<’n n fiiti 1 f n trpilniciit 222 nflor ( no i rnv treatment 

TUBERCULOSIS VERRUCOSA CUTIS 

Irue examples of tuberculosis \errueosa cutis are likeK to be found 
resistant to both rraas and radium We baae cured a number of 
cases of \erriica netrogenica a\ith one T-ra\ treatment Si ch faaor- 
able results are not often obtained howeaer, m aaell-dea eloped aer- 
rucous tuberculosis The result aaill depend largely upon the extent 
of the inaolaed surface and the thickness of the epidermis especialla 
the horna lajer All cases so far treated bj us haae been cured in 
from three to eight montlily ticatments If the ha perkentosisis consid- 
erable the lesion is closela shielded and a dose of filtered r-raas (400 r) 
IS administered fhe hole m the lead shield is then enlarged so that 
7 inch of normal si m around the lesion is included in the field of ra 
diation Anotlier dose of similar amount is applied The lesion aaill 
31 
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have received a dose of 800 r while the apparently normal skin will 
have received half the amount, thus the normal skin will not be injured. 
In some instances it is permissible to administer as much as 1100 r or 
even 1650 r, filtered through 3 mm of aluminum, to the lesion itself, 
especially in the case of verj^ small lesions. The dose will depend 
upon the thickness of the horny layer and the size of the lesion. The 
treatments are given as a routine at intervals of one month. 



Fio 224 — Tuberculosis verrucosa cutis before ar-rny treatment 


There are few references in the literature referring to the use of 
radium in this disease, and there has been no personal experience 
Simpson, Wickham and Degiais and a few otliers have obtained good 
results. There is no reason why radium should not have exactly 
the same effect as tlie .r-ra^ys. In using radium the beta rays should 
be eliminated by suitable filtration. 



Fig 225 — Same as Fig 224 after several suberythema doses of a:-rays 


SCROFULODERMA. 

The term scrofuloderma implies ulceration of the skin and sub- 
cutaneous tissues associated with underlying, suppurating tubercu- 
lous glands, tuberculous osteomyelitis, or other deep-seated tuberculous 
foci. For convenience we can also include superficial tuberculous 
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ulcers tint do not fit into an^ clinical entit\ and winch arc often 
•spoken of as ulccratne tuberculosis cutis Often, these superficial 
ulcers he'll when irndnted occisionnllj the^ are stubborn 
Ulcers md sinu^^es nssocnted xvitt underljing tuberculous foci m'^^ 
respond wdl to irradiation, especialh if the treatment is directed at 
the deep foci (filtered radiation) and good drainage is established 
e ha\ e seen clinical cures in cases of suppurating tuberculous adenitis 
and tuberculous ostcoim chtis with imoUement of the underhing 
tissues and in the so-called scrofulous gumma after the contents of 
the abscess ha\e been ciaciiatcd rurthennore, the percentage of 
recurrences Ins been small In such conditions it isadiisible to pre- 
scribe intern il medication, dieting and h\gtene, and in main instances 
surgical aid ina\ be required 

llic principal technical requirement is to appU lethal doses to the 
deep foci without iiijuri to the oierKing tissue Ihis is done bi dis 
tance filtration and crossfire, technical questions tint are discussed 
m detail in prei lous chapters 

Suberjthcma doses at monthly mteiwals are indicated, cross-fire 
treatment should be gnen whencier possible radium and r-ra\s 
appear to gi\ e the same results 

Bowen Ratcra Nadler, Denks and others report interesting ex- 
amples of scrofuloderma associated with tuberculous adenitis that 
were cured with z ra\b Denks report includes 'scrofuloderma asso 
ented with Narious tipcs of surgical tuberculosis Of *^21 cases there 
were H fungoid lesions connected with the large articulations Of 
the^e, 3 1 per cent were chnica!I\ cured 23 per cent improNcd 15 per 
cent did not lmp^o^e and 25 per cent fulled to (ontinuo tlic treatment 
There were 101 cases associated witli tuberculous adenitis of whicli 
82 were cured lesions conncctid with small articulations showed a 
percentage of cures of 84 There were 07 eases of large fistule, half 
of which were cured, and o4 small fislulie 1*0 per cent of which were 
cured 33 ilhams w as one of the first to recognise the ^ alue of roentgen 
therapi in scrofuloderma and tuberculous ademtr 

TUBERCULOUS ADENITIS 

Tuberculous adenitis is not a dermatosis 3 he disease is of 
interest to the dermatologist because it raaa be associated with the 
^a^lous tuberculous conditions of the skin and aho becau'se of the dis- 
figuring scars often caused ba the di'^ease and b^ the treatment 
especialh in tuberculous adenitis of the cer\ ical region 
Roentgen thcrap\ has gnen good results m this disease Our 
experience is limited to the treatment of 30 cases of cer\ ical tuber 
culous adenitis Twehe cases were clinicalh cured In 3 patients 
the glands remained the same size but a roentgenogram showed 
them to be calcified In 10 cases the glands were reduced in size 
but they could be palpated and were not calcified Fi\e patients 
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jailed to leinain undei tieatinent, Tlie eiiied eases \\ere eliildrcii or 
adoleseents. 

'J'ubeieulous adenitis, to^^etlier vitli seiolulodeiina, was one of the 
first conditions to lie tiealed sueeessfiilb witli t lie -lays, llie earliest 
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1 jf, 227 — '^.iiDejialic'ritt'Iiowiuii J'JK ^20, 
.iffpr In* ilinerit (Ucil) 



reports lla^ing been made in this countiy (Williams, Hodman and 
Piahlei, '\’ainey and Jbisey). Tha literatme on this subject later 
became ^olummous Illustrated, teclmieal articles have been pub- 
lished by Weil, Leonard, Knox, Stninshy, Heny, Kaplan, Hosli 

and Quinn, and marn otlieis 


!‘i<. 228 — 'lubeiculous adenitis hefon 

tieatinent fWeil ) 


J'ln 220 —Fame riatieiitfclio'Mi in 1'^" 
iftei tit“ itineiit (^^oll) 
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d’ubeKulous adenitis is a sujfrieal disease and, also, it is mie 
lequires geneial medical supei vision. Thereloie it is adtisa e 
the roentgenologist work in collaboration with suigeons, in rn i 
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pechatntnn'' hr\ nijoloj^ists etc , when 'ittempting to select ci'Jes for 
rocntgeni7ation llie results of roentgen thcr'lp^ ha\e been so good 
tint if there is no contninclication to sutli treatment in the mintis of 
internists or surgeons, the x rus or gamma ^a^s along with general 
medical measures, should be gn en a trial m order to a\ oid the scarring 
and shock associated uitli surgical intencntiou 
Technic — ^^e are dealing with a deep-seated condition and one that 
requires filtered radiation rurthermore, as tuberculous adenitis is 
usualh situated m the ceraical region great care should he eaercist-d 
to avoid cutaneous injurv Most of these patients arc voung (adoles- 
cents children and infints) and the skm has a low tolerance Even 
in idults the skin of the anterior and lateral surfaces of the neck is 
more «cnsitive to radiation than is that of other parts of the bodv 
Iclangiectasia or itropln or starring on the neck of a girl is extremeh 
unfortunate ancl has marred manv cvccllent therapeutic results that 
have been obtained in this disease 
It IS possible to obtain quick results with large do'^es, but such a 
procedure is rarelv justified It is preferable to idminister small 
amounts at iiiontliK intervals for eight ten or twelve months and 
to avoid even a mild reaction of the first degree With 3 mm of 
aluminum as a filter, the first dose in infants and children should not 
exceed 180 r In a<lults it mav be *100 r Ihe do^es are cautiouslj 
increased tht skin being carefiillv inspected at cacli visit for signs of 
saturation Ihosc signs mav be detected b\ a too rapid and pro- 
nounced reaction to friction ancl hot water on the part of the skin 
We have seldom been able to give to the latenl surface of the neck 
m adults more than 550 r without evoking a slight ervthema It 
is admitted that these do^es are small, but when it is remembered 
that a single well marked reaction of the firet degree mav possiblv be 
followed bv telangiectasia it becomes obvious that such extreme 
caution Is advisable Manv operators prefer to administer one-half 
the skin tolerance dose everv <^cond week Ibis sclieme has the 
possible advantage of a larger total dose with no greater injurv to the 
skin \Mien administering long continued treatment to the neck and 
mediastinum it is advisable to avoid, as far as possible, irradiating 
the thvroid and tlivraus glands especially inverj voimg subjects In 
some situations such as the axillv, extremities and mediastmum it is 
possible to Use the cross fire methc^ 

Radium —Radium has not yet been employed as extensivelv in the 
treatment of tuberculous adenitis as have the x ravs The literature 
contains comparatively few reports of such treatment The affected 
glands are hkelv to be distributed over a rather large area and unless 
the operator has considerable radium or radon he is likeh to prefer 
the X ravs The tbcr^pcu^Ic results appear to be the same with both 
agents Molyneux m 1914 reported the successful treatment of 
30 cases of cervical tuberculous adenitis with radium JIanv of the 
patients were kept under observation for a number of \ears The 
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cure was complete anrl apparentlj’^ peimanent. 'J’here were no radium 
sequelae Simpson rej)orts excellent results. 

When using radium it is customary to emplo.y radium element tubes 
containing 50 mg of element or radon rubes of the same strength. 
One tube should be used for each square inch of surface. The distance 
is 1 inch Odie filter is 0 5 mm, sih er, ] mm, brass and 1 mm. aluminum, 
'J'he exposure is two to four hours, A second treatment is not given 
until improvement ceases. It .should not be given in less than a 
month or two 

ERYTHEMA INDURATDM. 

(Bazin’, s Disiiasi:,) 

Schultz quotes and agrees with Ehiinann wdio considers that loent- 
genization is the best tieatment lor erythema induratum. We have 
lound treatment useful, but experience does not peirnit accord wdth 
Ehimann. Ulceiatne lesions Avill not infreciuently heal under the 
influence oi one or tw'o suberythema filtered treatments, Deepei, 
nonulceiative nodules olten require several such treatments. Recur- 
rence of the disease is common. White, Bowen and others have 
reported good I csults but admit recuiiences, 

ft IS difficult to deteiinme the tiue value of irradiation in this dis- 
ease The lesions usually disappear spontaneou.sly in a few months, 
especiall}' m patients wdio can rest and wJio receive proper advice 
relative to hygiene and general medical treatment. There is no 
denying the lact, how'ever, that persistent lesions often yield to irradia- 
tion 

The technic consists of applying suberythema filtered radiation to 
the individual lesions once a month 
Heavily filteied gamma rays aie as efficacious as aie .r-rays. It is 
advisable ahvays to give the patient the advantage of general medical 
treatment 


SARCOID. 

We ha\e obtained .some satislactoix i csults with both ,^-rays and 
ladium m the treatment of the superficial and deep types oi .sarcoid^ 
Boeck tjpe and Darier-Roussy type— the lesions disappearing in from 
one to thiee treatments 'I'he lesults, however, have been bettei in 
the ]farier-Rou.ssy type Like erythema induratum, to which it is 

closely allied, the lesions of sarcoid are likely to be evanescent, and i 
wall require observation over a period of many years to determine t le 
value of a;-iays and radium in the treatment of this uncommon condi- 
tion Darier reports good results wdth x-rays, his first report having 
been made in 1904 H. Fox failed to cure with .r-rays an extensive case 
of sarcoid in wdiich there w'ere numerous large and rather deep-sea 
nodules. Theie wms some improvement, but it was necessary to resor 
to other methods of treatment in order to effect a cure. Zeisler treated 
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a generalised eruption of Boeck’s sarcoid viitli both x-ra^ s and radium 
The result was slight in\olution of tlie lesions 



Tia 230 — Sucoid o( Darter Roussj in'* before rocntRcniaation 



Tig 231 — Sinie patient shown in tig 230 iftcr x raj tre itment 


Boeck’s sarcoid occurs in two general clinical t\pes In one t\'pe 
the lesions consist of rather superficial plaques In the otlier t\'pe 
the lesions consist of \ arious sized nodules situated deep m the true 
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skin. Good results may be sometimes obtained in tlie superficial cases 
with unfiltcred .a'-rays or with gamma rays. The deeper and larger 
lesions should be ti'eated with filtered aways or gamma rays. The 
same is true of the subcutaneous sarcoid of Daricr-Roussy and allied 
conditions, such as tubeiculosis of the h\poderm described by Wende. 

The dose is suberythema, administered about once a month. 

Sarcoid, especially Boeck’s t>pe, shows a predilection for tlie face. 
In this location, especially, it is advisable not to effect an crytlienia 
The disease itself is likely to be followed by atiophy and tlie dis- 
figuiement Avill be worse if telangiectasia and additional atrophy is 
occasioned by the treatment. It is prefeiable, tliereforc, to administer 
seveial suber>thema doses rather than to attempt a cure in one 
treatment. 

THE TUBERCULIDS. 

Orinsby has found ,r-iays of seivice in papulo-neciotic tuberculid. 
Knowles and Ketron tieated cases of “acnitis” with .r-rajs and noted 
involution oi the eiuption Bronson obtained a similar result in a 
case of “folhehs ” 

The tubercuhds aic nidesiircad, e\anescent, iccuiiing eruptions 
Recuiienccs cannot oi at least In'ue not been pie\entcd by loentgcn 
therapy The natuial course of tlie eriijition ajijiaiently can be shoit- 
ened bj the adn mistration of neckl} unfilteied tieatment 

We iiace tried Iractional unfiltcred .a-ra>s for the rosaeea-hke tuliei- 
cuhd of Lenandonsk} vith di-sappointing results 


Fig 232 -Giniuloin I .mnularo Fig 233 —Same as Fik 232. after 

hpfoie treatment one x-ray tieatment 

Lichen Scrofulosorum.— In recent years this disease has been 
removed from the tubercuhds and placed among tlie cutaneous 
tuberculoses. We haim treated 2 cases of this disease with unnltere 
radiation In both instances the eruption disappeared after iriadiation 
had been continued for four months (75 r weekly) The involu ion 
of the eruption may have been spontaneous or it may liave been due 
to impioved general hygiene The disease m both patients had been 
present for several months before .r-ray treatment was institute . 
No topical applications were made 
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siq ^jqBqojd 9q qiAv ji sb jpstntq oj ojqBJOABj sqniqj 9q qoiqAV soonBjs 
-ninojp aqj jo jsoni joj iCjocnoni poo3 b 9ABq oj jdB si juopBd oqjL 

'90U9piA9 Jioqj SniAiS puB ‘snoinido Jioqj Sninuoj ui S9SS9ujpA 
jJ9dx9 siq jsissB oj |Bpu9ss9 9q qiAV qong ^uotnpsoj siq ni jbijj 
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JO utioisujd B jsuiBac uotpc UB ui p|3q SBW 5 t ojaijw gig Mi N 
LL ‘SSo g_/ a;B;s iBtjj ui astD snoivajd b pa\ojddB puB pa^iD 

osBO stqi ui sSutaq uBuinq ui soipoq uSiaioj jo uoiibdoi oqj joj 

s^BJ-x aqi vojdiuD s^bj a; oip jo sSiwjuDiiq o^ismbaj ssassod \9ip 
papt\ojd ‘suBiois^qd UBqj jaqjo suosjod Joj uoipipsunt ^Bqj iii [bSo] 
)i 9>jBm p|no^ 3SB3 sup UI pno^ atuaidns P Suipj oqx , uoiPi- 
aq) Suissuustp joj puB ssamiu padxa s^jjijuicid aqj jo aoiiapiva aqj 3ui 
-pupia ui jojja JO asnsaaq pasja\dj ^jnoa jd\\o[ aqj jo japjQ juajajjtp 
aq ?qSira sSuni siq ui aauBjsqns uStajoj b jo aauasajd aqj Suija\oo 
sip JO asodxnd ogijiiaios aq^ joj pu puu sasodjnd [saipoui joj uaaq 
pBq SVBJ X aq; jo uoijLOTiddB aq; jj tuaqj spuB;sjDpun oqu uosjad 
vuB ^q pauiBfdva aq ;ou Cbui <poq utoinq aq; o; uoi;BoqddB Jiaq; 
^qu uosBaj ou saas ;jnoa aq; puB saijjgdojd Jiaq; jo aSpajwouq opi; 
“uaias a;ismbaj aq; suq oq\\ uosjad ?ub Cq paqddc aq Xbui sCbj-x aqx 
;uaSB jBipaoiaj b sb pasn asBo siq; ui ;ou ojavv s^bj x aq; ajojajoq; 
‘2un[ s,jp;m8id aq; ut aauBjsqns u2iajoj b ‘ajqissod ji 3ui;edoi jo 
asodjnd aq; joj ;nq ;uaui];ic jo ascasip b Suuboj; jo asodjnd aq; joj ;ou 
SBvv jjnuiB[d aq; o; sm-x aq; jo uouBoqddB aqx ppq [taddB uo 
;jno 3 aoiaadng aqx ssau;uv ;jddid s jjijuajd aq; jo <uonii;sa; aq; jo 
uoi;oaCai puB iBSSirasip aq; JOJja sb 3uiu3(sst japjo siq; raojj popaddb 
gi;uiB;d aqx passuusip sbw asBO aq; puB ‘ssau;i\v ;aacL\a s,j}i;uitnd 
oq; Cq uavtS aouapna aq; pa;oafaj ;jnoa ja\\0| aqj UBiois\,qd b 
JO puiq auiBS aq; ‘ a t ;uvpudjap aq; sb ]ooqos aiuBS aq; jo iiBiaisvqd 
B ;ou SBW oqw \ji;sa; o; ;ua;a(Juioa sou ssau;iv\ ;jad\d ou aai;aBjd 
qBtn JOJ uoi;aL uc ui ;oq; pap(ia;uoa ;uLpuajap aqx s^cjx aq; 
JO asn aq; ui aauaSqSau sputpiiajap aq; o; st \ji;5a; o; ;ua;aditioaui 
ajojaiaq; sbw puc ui.iais\t{d b ;ou sbw ssau;iw ;jad\a aq; ;Bq; punojS 
aq; uo \,uomi;sa; siq; o; p3;Dafqo ;uB()uajap oijx ^;inBj sbw oiuqaa; 
spuBpuajap aq; ;Bq; papusa; Sbau;iw sjqj aSanoa b ui saisxqd jo 
jossajojd SB uoi;isod siq jo osuBaaq «oi;jodojd Jiaq; puB s vbj x aq; q;i w 
pa;uiBnboB paw suw oqw ssau;iw ;jad\a ub pcq jpi;uiBid aqx oiuqaa; 
jadojdrai o; pajjajaj aauaSqSaii paSajjB aqx, pu; jo auii; ;b papaq 
SBW ;i ;nq ‘{Baq o; sq;uoui \uBin pjinbai qoiqv^ pa;insaj si;i;biu 
-japoipBJ y {poq uSiaaoj v a;BOO| o; ;diua;;B ub ui ;saqo s j}i;uiB|d 
aq; jo siuBj2ouag;uaoj [Cjaxas opuai pcq ^ucpuojdp aqx pasja^aj 
SBW ;jnoo jawoj aq; jo Suqni aq; ojaqw ;jno 3 auiajdng aq; o; papaddB 
jp;uiBix passirasip SBW uoi;oBaq; ;anooaowoi aq; ut (Bij; ja;j\ sCbj 
uaS;uaoj aq; jo asn aq; ui ssou(njpqsun puc aoua3q3au s.UBioisCqd 
B Cq pasnco uaaq a\Bq o; paSaijB saunfui joj saScuicp joj uoi;db 
nc sen ‘S88 Al N iO ‘OTo “"'re 16 ISE '■A tSI P^'o-iddE 
saidiauud puc pa;iD st w asco siqx „ pJBpuB;s b asiB j aouapi \a ;noq;i w jo 
aouaptAa ;ua;adraoout puc jaq;o raojj ;ouubo ;t uaq; ‘sassao;i w pagqcnb 
qons JO Cuonii;sa; aq; aouBpmS s;i joj paxg uaaq seq pjBpuB;s b 
;Bq; Cbs o; Cjnt aq; ajqcua o; CjBSsaoau ja;;Bni Cub uodn ;qnop lu ji 
;Bq; ;ua;\a aq; o; sao3 iC[uo ;i ‘pjBpuB;s b jo uoi;sanb oq; uo s;jad\a jo 
suBioisCqd ;uajajjip jo iCuoranso; 3in;otgnoo uoaw;aq apioap o; \jnC 
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pip ‘gi;uiB[cI 9q; :^suib2b sb unj uiSaq 9 ;n;B;s aq; pip uaqAi. ‘sbav 
uo^saiib 'aq; puB /suoi;b;iiiiti jo ajnjBjs, aq; .Cq pajjBq sbzw uopa^ jo 
jq^M punojS aqj uo sbav jaunuiap s^juBpuaja'p aqx 

‘9161 uriSaq sbav saSBUiBp joj uoijdb siqj^ ‘^161 pjun 

jjijuiBjd pajBajj puB ' • * jaqja 3 oj auoq aqj jo spua pajnjaBJj aqj 

aaB[d oj pajiBj iCiJuaSqgau uibSb puB "qmq painjoBij aqj jasai jo jas oj 
uibSb pajdiiiajjB qaaAv b ^noqB ui puB ‘ajnjOBJj aqj aanpaj oj jdiuajjB 
jsjg siq UI {njssaoansun sbav aq :jBqj ‘asBo aqj ^Bajj oj. juBpuajap 
aqj pa^ojduia ajBp :jBqj uo puB :juiof- 3 p[UB aqj aAoqB Saj jjaj jaq 
JO sauoq qjoq jo ajujoBJj b pauiBjsns jjijuiBjd aqj ‘55 jaquiaoaQ 
‘jBqj pajBjs uoijijad s^jjijuiBjd aqj^, s^Cbs 'jjuoo jaAvo[ aqj. jo juamSpnf b 
S uisjaAai 'oiqo Jo jJnoQ amajdng aqj '0S6I ‘ZLQ ‘fl ‘ ^J^ssy -paj.ijr 
■wy unojr ‘.S£Z 3 ‘N fZl ‘T98 'S '0 66 ssuajap siqj oj 

jaadsaj qjiAV pjaq aABq sjjnoo aqj Avoq jo sajduiBxa ajB SuiAvoqoj aqj^ 

•uuBjo aqj ui paAjOAui auiij 
ajijua JO juauijBajj jo pouad ajoqAV aqj j 3 aod jou iCBui iCuBduioa aouB 
-jnsui aqj 'aouBjsui JOj[ -pajnsui si juBpuajap ji XjijiqBij s^i^uBduioa 
aauBj'nsui aqj oj sb osjb jnq asuajap b qans jubjjbav saauBjsuinDJio 
aqj jaqjaqAV oj sb yCjuo jou aauBjJOcIuii auiajjxa jo si jt jnq ‘uoijaip 
-sunr aqj jo avb[ aqj raojj pauiBjjaasB aq jsnui uoijoB jo uijoj puB auiij 
JO jCjissaaau jo aaioqo aqj asBO ^Cub uj ajnjBjs Xq paxg si uoijBjimq 
aqj suoijoipsijnf A’ubui uj jjoj jo :jobjjuod uo si uoijdb aqj jaqjaipvv 
uo ‘SuiqBads AqBjauaS 'spuadap osjb jj saiJBA sjqj jnq JBaA auo jsBaj 
jB AjjBnsn SI jiuiq qong ,, jins joj auijj jo uoijBJidxa,, jo ^^suoijdb 
JO uoijBjiuiij,, SB UAvouq asiAVjaqjo ^^suoijbjiuiij jo ajnjBjs,, aqj jo auo 
jBaiuqaaj aq; sr aauBjJoduii ui ;sjg asuajap aqj^— •uopBjrani jo ajnjBjs 

puBq UI BjBp ajqissod 

||B q;iAV pajBdajd puB pauqjno aq pjnoqs sasuajap jo asuajap aqj^ 

•sasNUiiua 

juaiujBaj; jo jooqas jBjnaijJBd 
;Bq; ui pajliqs puB pauiBj; ajB oqAV asoq; jo aauapiAa aq; Aq pa;sa; 
aq ;snui 'a;B;s sjq; jo s;jnoa aq; ui uoi;sanb b samoaaq ;Bq; uaqAv 
‘pa;Baj; si aq qaiqAV q;iAV aauaSqip puB jjiqs ‘ajBO aq; puB ‘jooqas ;Bq; 
0; uouiraoa ;uaiu;B 3 j; jo puiq aq; s;daDDB puB s;dopB Aqajaq; aq ;uaui 
-;Baj; jo sjooqas paziuSoaaj jBjaAas aq; jo auo s;oajas ;uai;Bd b uaq^ 
• • • •aai;DBjd jo jooqas aiuBS aq; jo SuipuB;s pooS ui sjo;aop Aq pasia 
-jaxa AjjBnsn si sb jjiqs puB ajBa ajqBuosBaj qans asiajaxa o; pajinbaj 
Ajuo SI Jo;aop y„ piBS ;i ajaqAV 92,5 'uuijy p/,! ui paAOjddB puB pa;ia 
SBAV Qiz 'uuijy X0 JO asBO piBS aqjL -juajadinoaui aq pjnoAv jooqas 
aiqjBdoauioq aq; jo UBiaisAqd b jo Auouii;sa; aq; puB ‘jooqas ;Bq; 
JO spoq;aui piiB sajnj aq; Aq pa;sa; aq pjnoqs jnjjiqsun sbav ;uani;Baj; 
siq jaq;aqAV uoi;sanb aq; ‘aai;oBJdjBui joj pans aq jooqas ajqjBdojjB 
aq; jo uBiaisAqd b ji ‘;Bq; f jooqas auiBS aq; jo suBiaisAqd Aq pa;sa; 
;uaui;Baj; siq jo A;aijdojd aq; aABq o; paj;i;ua sbav uBiaisAqd aq; 
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lUBpusjap JO douaSqSan iCq 'paSaj^B nonijad aq^ sb ‘puB 
pajnfur sb u ^i}uic|d sqj job [■eutSao aqj ig pc ?Bqj uo pasBq pus oj 
aiqBSOBjj 9j9\i. p9do[av9p Cpuanbosqns qotqw s3§BinBp qy sjuaiBd 
siq puB jjijuicjd aip vq u^iouq seu yysj aqx ^uppusjsp aq? jo aatraS 
-t|39u aqj Xq ‘paSaijB aq sb ‘puB X06T ni ^paujnq, sbw aq ^Bq; paSajp 
jjpuiBjd aqj^ ^auiqoBio VBj-iraqj jossnaqj iq paonpojd^osjjaanj; aq? 
jBaouod iCpuajnpnBJj niBpuajap aqj pip puB aouanbasuoo aBinonJBcI 
oa JO SBA\ puB fjBJodui9} ?nq sbu ^Smiunq, iiuiSiio aqj jcqj )iiBp 
uajap aqj jo ^uamaiBjs aq; Cq pd|BaDU09 uoipB jo asnB9 s jjijniBid aqj 
sB^^ s {bs ?jnoo aqj, mjBajo/jqSuaqj jouopBjndrae pajBjrssaaatr 

pnB niBd iBaj3 pasnBO qotqw ‘qjwojS snojaouBO jo Binoipqiida ub 
aniBDaq pun auop aqojq ‘paqddB uaaq psq sCbj x aqj ajaq^ pucq ;q2(J 
aqj JO anssp atp uaq; ^Btji ‘uaqj [ijun uoippuoD piBs jo aSpajuouq ou 
pBq ^r?OTB[d aqj puc pjun juBnuop puB ?aajc( sbu qaiq^ irotjip 
-U09 snojaouBO b paanpojd ;ucpuajap aqj Cq autqaBtn ABJ-r aqj jo asn 
aq? ?Bq? ‘ziGl ojajaq? pjcSaj ni auop sbu jaqjinj Smqjocr pac 
s^Bj-a: aq? jo ?oajja iCjBJOdtna? aq? o? sc ?iiBpnajap aq? jo aoiApc ptic 
?(iaara?B?s aq? no patpj ^[(nj s?aajcd siq puc jjr?mBid aq? ?bi{? ‘pucq 
aq? JO asn [cnsn aq? q?iu ?nq ‘jcos b 3ui\Bai ‘pajcaddcsip {|?uaJBddB 
?r ptiB aari? v joj „uof?uJO(oosfp„ aq? pa?Baj? uaq? ?trBpuajap aq? ?Bip 
Cjnfm aq? jo ainjcu anj? atj? ]jt?utc|d aq? oiojj SuqcaDnoa Cpuajnpncjj 
^s?oajja s?i ar Ociodraa? aq p(no\i puc aauanbasuoa JB|nai?jBd ou jo 
SB\i Ontni aq? ?Bq? jjt?uic(d aq? paouojui ?[?uainpncjj puc „uoi?bjo[ 03 
-sip , aq? pasnco pcq s<bj j; aq? ?cq? pa??irapB ?UBpuajap aq? ?Bq? 

, pajojoosip,, SBW ?stjw puB pucq aq? uo urqs aq? ‘?]nsaj c sc pa3apr 
SB\i ?i ?Bqj, sinu3oua3?uaoj Suiqcai jo asodJnd aq? joj sCop ua? 
JO pouad n javo sajnsodxa ini-x |BJa\as apcin ?UBpuajap aq? JcaC ?ctp 
JO aunp ni suBiotsCqd jaq?o Xq ?as SB^i ?i ?su'a ?q3iJ siq aqojq 
‘aSc JO sj;Ba{ uaa?ua\as japun uaq? ‘jjijuicjd aq? X06T paSapB 

fcB\i ?T ?Bq? sCus ?jnoo aipb sjcaC a\p sb\\ qoiq'A ‘pncjj joj ?Bq? 
UBq? ssaj qonra sew aouaSijSaii aoj qoiqu ans o? arai? jo saoi?B?iniq jo 
a?n?B?s aq? <q pajjcq sew uoi?db jo asnB9 paSaqB B,jji?uiBjd aq? ?Bq? 
ui ?ucpuajap aq? jo jo\bj ui ?uaia3pnr c snijgB ?jno 3 araajdns aq? 
,, ninq,, Xci-x ub jo <?qB90[ aq? ?b q?\voj3 snojaauco c jo ?uaradoja\ap 
ja?jB sjcaC aajq? puc Xbj-x \q ?uaui?B9J? Ja?jc sjca? uaa?jnoj ‘gi6I 
UI pa?jB?s sett uoi?DC ajaqtt *iiz dag \\ ^ S9i ’Qfi cj jgt uj 
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puB pa?i3 „ ?qSnojq sctt uoi?ob aq? uaqtt suoi?B?iraq jo a?n?B?s aq? 
Cq pajjcq jou svm pnv ‘pfoi |i?un anJODC ?on pip uoi?ob jo ?q3iJ 
s^jqt?uiB[d aq? ‘ptej ‘ o? ‘gx6T ‘Co J^qraaoaQ uiojj panui?uoo ?uai?Bd 
siq puB uoaSjns aq? uaau?aq ?uain(’o(diiia jo ?9bj?uod aq? uoi?i?ad s jji? 
“UiBjd aq? JO suoi?c8a[[C aq? jopim sb puc *pa?BUinijaj si uouBjaj ?aBj? 
-uoa aq? p?an unj o? uiSaq ?ou saop suof?B?itnq jo a?n?B?s aq? ‘asca b 
qons UI ?aBJ?uo9 jo qacaaq b joj uoi?db ub uj paSjoqosip sBtt ?aai?Bd 
aq? ajBp aq? moij Jua^ % UBq? ssaj ?nq ajn?9BJj aq? jo a?Bp aq? niojj 
jBa^ B UBq? 9J0UI unSaq SBtt uoi?ob siq?„ spjoq ?JU 03 araajdng aqx 
^ ^paonarainoo sbw uoi?ob qons qaiqtt uo a?Bp aq? puB ^panioac, aoi?aB 
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aouBJapaocIajd di{^ SAisq :^snTn aq ‘aonapiAa 0 [oqAv dq:^ uodn ‘pn^ ‘^uEp 
-tiajap JO souaSqSdu aqj qsijqBj^a oj jqjnTBjd no j[j;s st uapjnq sq; :^nq 
' 9 Dn 8 Sr[S 0 a jo ijjinS jon snw aq jnqj SuiAOjd jo uopjnq aq; :^uEpnajap 
oj Jjn{^ ofqBDijddB ST atnjjaop aqj 

;T?qj JDTJJ aqj„ JZZI '£ 'D 9f o^ajap jo Aqno^p pun 

joojd JO junomB siq sasBaiani jBqj jnBpnajap aq:^ j<?tqB§B puB jjpiiiB|d 
JO JOABJ ui nopdccrnsajd jnBjJodnn ub saqsqqBjsa jjnoa b Xq paAOjddB 
aaq.u auujoop aqj 'i^qBaijaBJj -jooJd jo napjnq siq ;Cjci;bs oj paaooid 
aiBSB jsnta .qijinBid aqj os saop juBpnajap jj -jjiJUTBid aq; jo ^^asBD 
aroBj Brand,', aqj jaara oj joabj siq in ajB jBqj sjobj jo aonapiAa q:jLu 
Srapaaa'ojd jo uapinq „ aqj aranssB naqj 'asBD sxq Smsoj qsu 'oj jubav 
jon saop aq ji ‘jsnra juBpnajap aqj puB ,^asBa aiOBj Bnqjd,, b saqsq 
-qBjsa pasBq si raiBp s^qTjniBjd aqj qaiqAv uo sa^BinBp puB .unfra aqj jo 
aonajsixa aqj jo ‘aouapiAa jnarogjns /q ‘jjijniBjd aqj ,Cq joojd ‘qrjmBjd 
aqj oj ajqBjTBAB sr miinho]^ vsdi cdx jo atnjjaop aqj aiaq^ sasBO ra 
jng saSuBqo jaAan ,joojd jo trapjnq,, s^qijniBjd aqj jCqBoitiqaaj^ 

9611 T 0 n'POJd JO poqjara aqj oj gap 
-jajaj sasBO doudSqSdu jo s^Bp pajiraq b tn pasn rajaa b si jj,, ,/jpsji 
joj sqBads gurqj aqj„ jo ^/unpjibo] nsdi cax „ sb passnasip naaq uajjo SBq 
/{■joaqj siqj^ P aauagqgau apnf miajd qsijqBjsa jpsji jo 

jou saop 'asBO b gufjdaoDB jajjB ‘uotjipuoa jo iCjnCui ub jo juaradopvap 
TO aouajsixa aqj jBqj aq oj sjBaddB uoiuido jBgaj jo jqgp.w aq^p 

sasnapp siq aAOJd oj uBpis.Cqd juBpuajap 
aqj uo SI uapjnq aqj puB UBpiSiCqd aqj jo qiqs jo jubav jo aauagqgau 
aqj qsifqBjsa oj q{juiB[d aqj uo si joojd jo uapjnq aqj ^[iJBUipjo 

'srqj jjoddns pajio sasBO 
snojAOJj .CjaAOoaj ou aq ubo ajaqj sj[n=;aj aqraads joj juaraaajgB ub jo 
aauasqB aqj iq puB ajna b joaqa oj pa[iBj UBioisXqd b jBqj jdbj aqj raojj 
asiJB UBO ipqs jo jubav jo aauagqgau jo uoijdransajd osr aauagiqp puB 
[[iqs jo aajgap jadojd b pasiajaxa UBioiSAqd aqj sb uoijob jo asnBa ou si 
ajaqj jBqj aq jC[[BjnjBU j[ia\ asuajap jxau aqp — raopoy jo asnBQ ojj; 

•sijijBuuapoipBj jo jjnsaj ajBj ajqBqojdun jnq ajqtssod b 
SI jaauBO jBqj jobj aqj jbijj aqj jb jno guiiq oj ajqBsiApB raaas pjnoAv 
JI sasBa araos uj juapaaajd jBgaj juBjjodrai ub si uoiuido jsbj siqp, 

'LLZ ^Avoj iex P 

paAOJddB ajdpuud sji puB pajia si asBo siqj^ ,/suoijBjiraiq; jo ajnjBjg 
aqj Aq pajjsq si uoijaB jo asnBa pagaqB s^qijuiBj^j • • • -iCjnfui 

[Buigijo aqj JO araij aqj jb panJOOB uoijob jo asnna s,jjijuiB[d aqj 
jBqj uaqj raaas pjnoAv jj 'uojjob jo asnuo A\au b ajnjijsuoa jou pjnoA\ 
‘pasBajoui aq ajojajaqj jqgiui sagBuiBp s,_qijuiB[d aqj puB dojaAap pip 
uoijipuoa snojaauBa b 'gXGI ‘jajBj jBqj jobj aqj 'asBO jBqj ui 'puB 

uoiuido UB JO ssaj jo ajoui aq ppiOAV juaraajBjs spuBpuajap aqj uaqj 
/guiujnq, qans jo jjnsaj ajquqojd jo /jBssaaau aqj jou si jaauBO jj 
'yCjnfui jBUigiJO aqj joj uoijob ub ui sagBuiBp jo uoijsanb aqj uo guiJBaq 
SB UAvoqs aq pjnoo jobj qons 'jjnsoj ajquqojd aqj si jaouBO ji jo /gui 
-ujnq , ipns jo jjnsaj aqj si sasBo qu ui puB iCjuBSsaaau jaouBo jBqj anjj 
aq JI JI puB 'auiij jBqj jb sagBiuBp araos oj pajjijua uaaq aABq pjnoAi 


SJjDSdSV IVDdlOOiasjV 


f29 



JO umoisM^d V JO auaimtiaa; jo aq^ raoaj uwBjp aq utjd aauaS 
-qSau JO aouajajui ou Suiquads tuBJana 0 j, sCci vnoa putj pajtjaddu 
jijuipfd aqj, ioni%sm os oj pa&njaj %moo aqj;^ ?aaSr[3aa ?ou svm. 
aq 9\0Jd oj uapjnq aip miq no )sb 3 pup 5uppuaj9p aqj jo ?4^d 
aql no aouaSqSau jo aouapua aq pjnou jpsjT jo ^pq^ uonpjado aqi 
JO asmoa aq; ni paujnq, spw jjquipjd aq; ;pq; papiaap Xaq; ji ;pq; 
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